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1. TAYLOR MOTOSTEEL EVENACTION 
VALVE. The first valve motor with all-steel 
velded construction. Lighter in weight than 
east iron motors but much stronger—with 

iver resistance to shocks and strains 
Larger diaphragm and longer, heavier 


spring, totally enclosed. Roller-bearing 
1 guide. Valve position indicator All 
specially treated to resist corros 
{all parts readily accessible 
These nd! iny other fe itureS Make this 
ew Taylor valve the most efficient and 


date of its type. 








2. TAYLOR INDICATING CONTROLLER. 


his S6-R Type ‘Fulscope” Temperature Con- 
ler is for either high range or full range 
sitivity applications. Has all ‘ Fulscope” 
intages, including ‘‘ Sensitivity Adjuster,” 
ch makes adjustments with the turn of a 
vdriver. Direct or reverse action. Mercury-, 
T-, OF gas-actuated types. Adjustable to 
tically any operating condition 


‘Taylor presents hase 


. New Taylor Motosteel Evenaction Valve 


. New Taylor Indicating Controller 





1 
2 
3. New Taylor Valv-Precisor 
4 


. New Taylor Thermospeed Separable Well Tube System 


ERE is a record of achievement in 
H the field of instrumentation. Not 
one or two—but four—developments of 
major importance to industry. If you are 
interested in automatic plant control, 
then you are concerned with automatic 
control of temperature. 
AND... 
You certainly will be interested in 
every one of these Taylor Instruments 
and Systems of Control. 
Along with these products—outstand- 
ing in accuracy, efficiency, economical 
operation—you receive the benefit of the 
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3. TAYLOR VALV-PRECISOR. Fvery dia- 
phragm valve has a certain degree of hysteresis, 
lue largely to the friction of the valve stem in 
the valve stuffing box. Taylor developed this 
Valv-Precisor to eliminate pract cally all 
hysteresis and assure precision valve action for 
iny air-operated controller. Under many oper- 


1) 


iting ditions it will make vo ir present v ilves 


ee 
rformr re ¢ 


widest experience in dealing with prob- 
lems relating to temperature, pressure, 
flow and liquid level that is possessed by 
any one single group. 

Let Taylor Engineers survey your 
plant and prescribe for your needs. If 
you need modernization or extension of 
present temperature control, let it be 
Taylor Control. For this service and de- 
tailed data on any Taylor products 
address Taylor Instrument Companie 
tochester, N. Y. Plant also in Toronto 
Canada. Manufacturers in Great Britair 
—Short & Mason, Ltd., London, England 





4. TAYLOR THERMOSPEED. 1: 
separable well tube syste 3 t re 
t a changes at the bulb six time 
g w inuse. Makes Taylor Instr 
and efficient. Eliminates bu 
rror. Se¢ ve a Taylor Kecorder with new 1 
spe 
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IN THIS ISSUE 


When, in the manufacture of any 
product, it is discovered that as small 
1 concentration of an impurity as 
me part in 35 million will cause 
trouble. the chemists are faced with 
the problem of devising a method 
whereby the objectionable constitu 
ent will be not only detected but ac- 
curately measured. W. E. Stackhouse 
reports the new method whereby 
such low concentrations of nitric 
oxide in manufactured gas can be not 
only measured but continuously re- 
corded. That his apparatus is made 
up almost entirely of standardized 
instrumentation devices makes his 
solution all the more beautiful. 


Subscribers’ inquiries pertaining 
to special dry batteries for use in 
connection with instruments had al 
ways perplexed Instruments’ staff, 
because so little had been made 
known by manufacturers or experi 
enced users. We sought an authori 
tative article. H. E. Lawson contrib 
utes an article which is not only 
uuthoritative but up-to-the-minute. 


Ralph Batecher concludes his treat- 
ment of CRO “pick-ups” and begins 
i discussion of photographic auxil- 


iaries. 


This month’s chapter of the elec- 
trical measurements series deals with 
the important subject of adjustments 
which users may make in the field. 
[t was read, in the last few days, by 
several eminent authorities in the 
Bureau of Standards and other insti 
tutions and companies. They found 
little to add to Perry Borden’s ma 
ture advice. 


In the July Issue there will be a 
noteworthy pictorial article on in 
pection and testing methods at the 


‘ord Motor Co. 


THE SMALL PLANT 


WN all the years that Instruments’ staff has been reply 
ing to subscribers’ inquiries pertaining to the instru 
mentation of industrial plants, the application ot 

simple statistical methods has at times served useful pur 

poses. We have already referred on this page to seasonal 
trends, to opportunities for individuals, etc. As a rule, 
before we analyze a batch of inquiries, we have in mind 
certain definite bases of classification. That is to say, our 
usual procedure is like analyzing a group of steel speci- 

mens for Si, MIn, C, Ni, and other constituents listed i 

advance. Mere routine, of course, but it helps us to serv: 

vou better by developing a clearer composite-pictu 

“vou.” 

Until recently, we had never thought of classifying 
quiries on the basis of the size of the company | 


a+ 


the inquirer is employed, and correlating this bigness or 
smallness with other indices. If the idea had com 

would have been dismissed on the ground that tl lant 
tative results of such a correlation could not possibly | 


of wide usefulness. 

Perhaps this objection still holds true. Perhaps ¢! 
publication of our findings would only mec 
‘So what?” 

Nevertheless, in these dark times of politico-e mi 
dog fights (where Industry gets bitten with equal ferocity 
by mangy mongrels, by police pooches and by par! 
pets) every little two-penny candle of factual light may 
serve to dispel some of th’encircling gloom, and we 
humbly venture to report that 

(1) The proportion of ‘“where-to-buy” inquiries from 
small plants has risen to about twice the ratio of small to 
large plants represented by our circulation break-down 

(2) It isn’t that large plants have decreased their rate 
of installing new measurement-and-control devices, but 
that small plants appear to be modernizing about twice as 
fast as are large plants—at least, with regard to process 
control, automatized inspection and other up-to-date ap 
plications of instruments. 

(3) This shift seems sudden on a ten-year chart where 
1936 is compared with the preceding average, but it 
came gradually, beginning early in 1935; and seems to 
be approaching a point of inflection. 

“So what?” Ours to present, not to interpret. But some 
other observers are predicting that America is about to 
witness the rapid growth of new industries now in their 
infancy . 
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No. 9 MAURICE L. CARR No. 10 LAWRENCE K. JONES 


Director Engineer, Special Test Section 


Pittsburgh Testing Laboratory, Pittsburgh, Pa. 


Fr we were to print a complete By M. F. BEHAR supervising certain important : 









list of the instruments in P’T'L’s Despite his youth, Jones has a s 
five-story headquarters (leaving Phe least we could add in the way vear record of instrumentation \ 
out its twelve branch laboratories ) of notes would be Despite his M.E. degree (Carr 
there would be no space left on this —as big as a bungalow and containing numerous Tech) his work at PTL is m 
detectors all connected to measuring instruments set : Z 
page for biographies and snap-shots up on the outside. electrical and electronic. He is 
of Instruments’ readers in PTL. In fact, a ten-page article could avid student, devouring every issu 
Besides, although a mere list usu be written about this one item and of Instruments and attending ni; 
ally tells a vivid story, it would not the research projects it has mad courses at ‘Tech. He was married 
do it in this case. because many possible! three days before we interviewed 
unique items require explanatory Or, if we were to print a series of him, and when we did so it was 
notes. Take for instance the item interviews with all our readers in at Niagara Falls but at the very spo 
. ' 
rye . ye « « ‘ ae } 
Heat & sound transmission and air-infiltration test P'I ( with snap shots of each at his where this snapshot was take n. Such 
equipment work but no instrument lists. it self-sacrifice indicates an almost pas 
would take several pages. Director sionate love for instruments (small 
Carr, for example, cannot be ade i), not necessarily for Instruments 
J 1 quate ly introduced to his fellow We de liberately lay stress on this 
PARTIAL LIST OF PTL'’s INSTRUMENTS subscribers in one brief paragraph: distinction. We resolutely turn down 
GENERAL we spent several weeks, back in our circulation department’s brig 
Barometers, hygrometers, psychrometers; ther- . ° | y a] t . : | } ril co tonal 
mometers, kata-thermometers, pyrometers; pres- 1922. Ww riting a little book on the deas about married subscribers nd 
sure X& vacuum gages, 6000 Ibs. in.- dead weight te chnique of testing fire-resistant of ing Instruments more fascinat 
tester; pitot tubes; anemometers; fluid meters; 
watthour meters, electrical instruments and stand- fice safes. which book was based on than 
irds; micrometers, dial indicators, planimeters, , . r 
microscopes, extensometers Carr's pioneering achievements al 
CEMENT & CONCRETE LABORATORY Underwriters’ Laboratories between 
ASTM equipments; Deval abrasion apparatus; 1907 and 1920... and Carr has 
core drills; brick rattlers; Talbot-Jones concrete - : . 
block rattler permeability apparatus; briquette DIAZe d new trails in other fie lds of Fs 
testing machines; foundry sand testers; 30,000-Ib. ‘ i — Sit pr 
compression testing machine; assortment of standard testing, each desery ing a book. sig a 
weights, measures and sieves. tice it to Say. for the benefit of our j ] 
METALS LABORATORY vounger subscribers. that Carr began . 4 
+ universal testing machines ( 600,000 Ibs.); = P Laws , - t] P ria G: 5 
Izod impact tester: torsion testing machine; Moore is a meter tester Tor the eorla ras ‘ F 
fatigue apparatus; dilatometers; Rockwell, Brinell & Electric Co. before entering thre ’ 
ind Scleroscope hardness testers; Amsler calibrating 1: , A C ; B 
box; high-temperature tensile strength equipment. | nive rsity ot Illinois whi re he took ‘ 
METALLOGRAPHIC LABORATORY two degrees. This was 33 vears ago ; 
Cor ete Zeiss equipment, polishing equipments, when there was born the ve r\ a — 


specimen mounting press, etc. 
' 


HIGH-TEMPERATURE LABORATORY 


6 furnaces; complete pyrometric & physical meas- 





uring equipments 


DIELECTRIC TESTING LABORATORY 
60,000-volt equipment & accessories 
CHEMICAL LABORATORIES 
1) OIL & GAS: Saybolt viscosimeter, Pensky 
Marten and TAG flash testers, Emley plasticimeter, 
asphalt ductility apparatus, ASTM distillation appa- 
ratus, Edwards gas balance, standard gas analysis ap- 
paratus, gas detectors, Junkers & Parr calorimeters, 
Haldane apparatus, SO apparatus, Selby apparatus. 
(2) MISCELLANEOUS: pH potentiometer, elec- 
trometric & other titration equipment, turbidimeters, 
W eatherometer salt spray cabinets, glossometers, 
Owens dust counter, Greenburg-Smith impinger ap 


mparatus, bactertological equipments, et« 


man on whom Carr now relies for 
‘ 
5 





SPECIAL EQUIPMENTS 

12” hot-plate with O°F. cold-plate thermal con 
ductivity apparatus 

8” thermal conductivity apparatus 

Heat &X sound transmission and air-infiltration test 
equipment 

Sound generating, measuring and analyzing equip- 
ments 

Light sources and illuminometers 

Testers for fabrics, carpets and other textile 
products 

Fan efficiency tester (pendulum type) 

ASTM-CFR octane rating engine 

Vibration-insulation tester 





Timken lubricant-testing machine 
Cadmann bearing-metal-testing machine PTI 


Cameraman Jamison caught Jones (left) telling Director Carr about infiltration characteristics 
full-size window built into wall section C between sealed rooms A and B, pressures and differentials | 
se se f ° lor 
\ ‘ ingeniously ‘‘weighed"’ in oil-sealed bells on scale pans. Apparatus serves also for wall-section insula 
artous types of exposure racks on roof value tests by maintaining room A at —40 F. and room B at 80°F. and measuring heat flow; or by gt 
» + 
Photographic equipments ating standard sounds within A and setting up electric ears in B. 


Full-size building-wall insulation volume-reduction 
apparatus 
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Oxygen Meter 


{ to represent two years of research 
cooperation of laboratories of larg- 
xvgen producers, this diaphragm 


meter especially adapted to the 





neasurement of oxygen is of maker's 
standardized “Lronease” design, but the 
materials used in its construction are 
selected especially for this service. Avail 
ble for low-pressure service as well as 
ligh pressures. Where used for measur 
ing high-pressure oxygen, meter should 
he equipped with a Volume & Pressure 
Gage, a Base Pressure Index or a Base 
Volume Index.—<American Meter Co., 60 
I. 42nd St., New York City. 





B Sound Level Indicator 


“Model 300° Sound Level Indicator, 


designed for measuring the intensity and 


me 

ag character of sounds as they are actually 

* ees heard by the human ear, consists of: 

l . calibrated crystal type micro 

; hone; (2) a high-gain audio-frequency 
‘ 





mplifier; (3) a calibrated attenuator 
for increasing db range; (4) an ear 
veighing filter, which may be cut out so 
that the decibel meter will respond to 

sounds of equal intensity with equal 
flection, to permit use of frequency 
nalyzer unit or oscillograph; (5) a cali 
rated output or decibel meter of recti- 
er-milliammeter type; (6) a crystal 
pe head set. “Model 300” has a refer- 
nce level of 10-16 watts. Frequency used 

1 basis of calibration is 1000 cycles 
; his practice conforms to the proposed 
* ndards of the A.S.A.—Industrial Ap- 
ge tratus Co., 720 N. Wabash Ave., Cht- 
190, Tl. 


} 








HE MONTH'S NEW 





In this department we strive to re- 
port each month ALL the new devices 
for measurement, inspection, testing, 
metering and automatic control—in 
the form of concise technical descrip- 
tions. 


When writing to manufacturers 
directly, please mention this depart- 
ment as your source of information. 


Or write to Information Section, 
Instruments Publishing Company. 





High-speed Motion-picture 
Equipment 


Sharp motion pictures of mechanisms, 


etc., al speeds < 2000 exposures per sec., 


are obtained by means of a new equip 
ment comprising: (1) An improved stro 
boscopic control unit of the Edgerton 


type. This unit is the cabinet seen in 
foreground of illustration; its principle 
was described in detail in J/nstruments, 
Jan. 1933, page 23. (2) Type O51-A 
Camera as described in J/nstruments, 
Feb. 1935, page 54. (3) A high-voltage 
motor-generator set of capacity depend 
ing on maximum speed and illumination 
a 10-kw. 
able. (4) Two high-intensity 
lamp units which, in conjunction with 
flashes of 
duration 


set usually being most suit 
reflecting 


Edgerton circuit, give out 
0,.000005-see. to O,00001-sec. 
Regularity of flashing, at any desired 
frequency, is attained by use of Thyra 
tron and contactor, latter driven on con 
stant-speed shaft of camera. Illustration 
shows set-up for photographing a leather 
Gene ral Radio Ce., 
Mags. 


stitching machine. 
320 State St., Cambridge, 
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Ranger-Examiner Combination 
New *Nodel OO 740" combination Tree 


point tester and volt-ohm-milliammeter 
is said to be adaptable for anv purpose 
I 


in radio voltage, current 








testing direct contact itl 


either by 


sockets or by the free point method. It 
has a lriplett indicating instrument witl 
scale readings: A-c. and d-e. volts, I 
50-250-500-1000 at 1000 ohms per vo 
lD-c rccuracy 2%; \. ( volts, rectifier 
type, accuracy I14/ 1-10-50-250 Ma. Low 
ohims seale 0-300; high ohms to LOO,OO 
with provision to increase seale in LOO,OMW 
ohms steps by idding external batteries 
Measures low ohms by the backup method 
without ippreciable contact or other 
errors, ree point tester has five sockets 
for handling any type tubes. Panel also 
includes eight automatic switch-type and 


ten single-action jacks. Handled metal 

case with black electro-enamel finish, sil 

ver and black panels, size 11 1% 
1! - Readrite Meter Works 


llarmon Drive. 


Bluffton, Ohio 


*“T” Attenuator 
New “Type 'T-330" 30-step “T" net 


work is said to be especially pplicabhle 
to low-level mixing by reason of its zero 
insertion loss, constant input and output 


impedance at all settings of the dial, 





wide attenuation range, and low switel 
noise level. Its new wiping type, bal 
inced, smooth oper iting, multi-leaf switeh 
is said to have constant torque at all 
settings. A new type of switch stop re 


moves strain from switch blades. Attenu 
itor is offered in impedances from 30 to 
600 ohms with attenuation of 1.5 db per 
step. Loss per step is increased on the 
contacts 


last few Unequal input and 


output impedances designed for mini 
mum loss may be obtained upon request 
Unit is interchangeable electrically and 
mechanically with ladder type attenua 
tors. Size: 244” diam., 24,” back-of-panel 
space. Net wt. 12 02 The Daven Co 


8 Summit St., Newark, N. J. 
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The Mark of 
Effective Control 


Process Control for sensitive, stable 
automatic control of temperature, 
pressure, liquid level, flow and other 
factors as applied to industrial 
processes. Responds to changes 
quickly,without overtravel or hunt- 


ing. Ask for Bulletin No. 101. 


Combustion Control that is simple 
but complete for prov iding econom- 
ical operation 
of boilers of 
200 h. p. and 
larger. Details 
in Bulletin 
No. 102. 


Boiler Meters 


for recording 





combustion 


Recorder-Controller 


conditions and 
guiding boiler operators. Described 


in Bulletin No. 44. 


Multi-Pointer Gages for indicating 


factors such as draft. pressure, tem- 


n 


perature and speed. 
These Gages are avail- 
able with any number 
of pointers and any 
scale combination; in 
either the oil sealed 
bell or diaphragm con- 


struction. 


Flow Meters for indi- 


cating, recording and 





integrating the flow of 
Control Drive 

steam, water, sew age, 

air, gas and other fluids. Bulletins 


No. 39 and 300. 


Recorders for pressure, temper- 
ature, drafts, liquid level and other 


factors. 


BAILEY METER 
COMPANY | 


1041 Ivanhoe Rd., Cleveland, Ohio 
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Non-recording, Air-operated 
Automatic Controllers 


For processes not requiring chart rec 
ords and vet characterized by lags which 
instrument 


necessitate in the control 
sliding adjustment providing i full scope 


of sensitivities, a new line of temperature 





{ 


ind pressure cont been de 


rollers has 


veloped which retains all the performance 


characteristics — of maker's *Fulscope” 


recorder- controllers (see lust 


\pril 1931, page SL). With 


recording mechanism, nev 


ruments 
omission of 
instruments 
biack-finished 
this 


ire housed in a smaller 


ecast-aluminum case, designed for 


purpose: sensitivity adjustment to ac 
commodate process lag is made by turn 
ing a graduated dial, Control point may 
within control 


optional 


be adjusted to any value 
ranve Direct set 
Controller action may be quickly reversed 
iltering the position of a 


feature is 


in the field by 
Standard control ranges are avail 
limits of 100° RF. and 
3000) Ibs 


link 
able within the 
1200°F., or full 
pressure Control ranges are interchange 


vacuum and 


able. ‘Temperature controllers may be 
equipped with mercury-, vapor-, Or fas 
wtuated tube systems. Taylor Instru 


ment Companies, Y fmes St.. Rochester. 


We 


Light Wave Equipment and 
Improved Monochromatic Light 
New light 


more accurate and better-wearing opti 
cal flats is suitable for testing flatness of 
commercial flat lapped surfaces or for 
making length or diameter measurements 


wave equipment including 


of precision gage blocks, plug gages or 
steel balls Optical flat set Fig. 1) 
diam. by ’ thick 
single-surface, semi-quartz working flats 


(see 
consists of two 2” 


of 0.000002” accuracy; one 2” diam. by 


thick double-surface steel working 
flat of similar accuracy; and one 3’ 
diam. by ’ thick single-surface master 
flat of 0.000001” accuracy. These flats 


are twice the accuracy previously guar 
semi-quartz material 
from 3 to 4 
times greater than the optical glass of 
Their thickness in 
sures distortion in usé¢ 
New light 
in part in Fig. 1) is an oak cabinet 12” 
wide by 11” high by 11” deep, with space 
house a gas-filled tube, with 
transformer, switch and diffus 
Light tube, 1014” overall with 
treated is filled 


anteed ind the 


shows wearing qualities 
former equipments 
freedom from 


monochromatic source (seen 


inside to 
necessary 
ing glass 


chemically electrodes, 











ty 
a SU! 


i special gas that emits 
11.6 milliont 
interference band 


with 
monochromatic light of 
in inch per dark 
life is estimated to be from 1000 to 


hours 


continuous use. Pertormanc 
light is shown in Fig. 2 (unretor 
interference | 
visible in checking the 4 optical fl 


new 


photo) which shows 


against each other. | 
emitted is so strongly 
that bands are clearly 

aration of surfaces Is as much 
(ten that of 
Thus optical flat need not touch si 

No sliding motion is ne 


the equipment 
monochror 
visible wher 
is OO 
times former equipmer 


being tested. 


sary to exclude air film. Formerly 

desirable” air film now protects opt 
flat from actual contact and result 
wear. Bands are said to be visible 


comparatively dull surfaces such a 
common on lapped soft steel or on | 
brass. Van lye 


Watertown V 


nished bronze or 


Co., 12 ¢ opeland Sf.. 


Colorimetric Stand and 
“Daylight” Illuminator 
This 
and illuminate instruments for cd 
mining the A.S.T.M. color of petrol 
either the TAG-Robinson ¢ 
orimeter (as 
illustration) or the ‘TAC 


new device is used to sup} 


products: 


show ! 


Savbolt Chromome 
Light source is stand 
i “ET AG-Macbeth Davli 
rl, IL.amp’’ and. diffu 


screen (between /a 
and instrument) 1 
flashed opal glass. B 
lamp and sereen me 
latest A.S.T.M. speci 
tions for this equipn 
\ large oil company 
gested this arrange 
finding that 
tive illumination is 
tained when light f1 
the “daylight” lamp, 
stead of being refle 
passes d i rect ly 
through the tubes of 
Chromometer or Color 
eter. Illuminator of 
stand is so designed t 
all light is excluded 
cept that coming from the lamp. ‘ 
instrument is clamped to removable | 
which in turn is bolted to adjust 
height platform.—C. J. Tagliabue 
Co., Park & Nostrand Aves., Bros 
W. ¥, 





more efi 





























Potentiometric or Bridge 

2ecorders and Controllers 
walizing 25th year since maket 
out self-balancing recording po 
meters and bridges, “Silver-.Anni 
Micromax” line includes indicat 








recorders and indicating-recording 
trollers for temperature, COs, smoke 
sity, chemical strength, pH, frequency, 
ote load, S¢ Vor, liquid level, speed, fluid 
, etc., housed in new case, embodying 
interior construction features and 
ploying improved assemblies of the 
“Micromax”  self-balancing mechanism 
see Instruments, Sept. 1931, page 505: 
March 1933, page 63). Chief outwardly 
visible innovation is convenient presen 
tation of measurements: bold scale and 
pointer show value of measured condi 
tion at the moment, and 10” of strip 
chart shows it for the past several hours. 
On controllers, « second pointer shows 
control setting. Multi-point records may 
be in blue or in multi-color. Control and 
signal contacts operate undisturbed by 
ir currents when door is opened, even 
when chart is changed or pen refilled. 
Pen holds 7-week ink supply. Double 
frame makes all parts of mechanism ac 
‘essible and enables user to replace chart 
vithout effect on other parts of recorder. 
In the new standard “Micromax” assem 
blies contacts are heavier and certain 
ther component parts are new.—-Leeds 
) Northrup Co., {955 Stenton Ave., Phil 
wdelphia Pa. 


Feeder-voltage Booster 

lo improve voltage conditions on cir 
cults where the close regulation provided 
Station type regulators is not neces 
iry and where voltage control of any 
ind has hitherto been considered too 
‘pensive, new “Type BR” booster regu 
itor provides a boost of 5% or 10% in 
ne or two steps, as desired, during the 
eavy-load periods of the outdoor type, 
is particularly applicable to rural lines 
distribution circuits where the load 
’inges once or twice daily from very 
ht to practically full load. As the sup 

vy voltage decreases to, sav, 94% of 
ormai, device goes to the boost position 
nd remains there until the supply vol- 
ge rises again to, say, 96% of normal. 
Standard “Type BR” booster is single 
ase. Long feeders with induction regu 
tors at the substation may be tapped 
' at various points. The substation 
egulator is adjusted to maintain normal 


itage at a center of distribution chosen 





to take care of the most important load 
Low voltage at locations bevond— this 
point can be improved by the new 
booster. For 3-phase, 3-wire circuits, two 
units may be connected in open delta 
For 3-phase, 4-wire circuits, three units 
may be connected in. star. If desired, 
two or more banks of boosters may by 
used in series on the same circuit at dif 
ferent locations along the line. In spe 
cial Cases l booster rhe bye connected 
for bucking instead of boosting West 
inghouse Electric & Mfg. Co... East Pitts 
burgh, Pa 


Special-purpose Oscillographs 

To meet demand from certain terri 
tories, and for special ipplications, two 
new types of oscillograph instruments 
have been added, both identical with the 
standard RCA Oscillograph (see Justru 
ments, May 1935, page 135) except that 
one operates on the 25 evele uc. Ino use 
In some areas, ind the other has a spe 
cial sweep oscillator which extends trom 
t eveles to 18,000 evcles RCA Parts 
Div., RCA Mfg. Co., Camden, N. J 


Photoelectric Relays 

\ line of d-c photo lectric rel WS for 
operation on 115 and 230 volts now sup 
plements maker’s a-e. line. As in latter, 


the new units are available with ind 





3” lens apertures, with rectangular cell 
apertures: ind no lenses, and with no 
apertures these last for use with sep 
arate cell housings. Unit illustrated is 
“No. 5353-C” with 2 iperture, for use 
on 115 volts d.c. It is housed in a heavy 
formed steel cabinet for industrial con 
trol and commercial ipplications Resis 
tor unit is mounted on side as shown 
G-M Laboratories, Ine } 
Ave., Chicago, III 


Belmont 
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Write for...| 








INSTRUMENTS FOR 
LABORATORY USE AND 
PRODUCTION CONTROL 


Low Voltage, Variable, A.C.- 
D.C. Power Supply Units, $8.25 
and $15.00 


Portable Pointer Type Galva- 
nometers. Also Mirror Types. 


$12.00 to $33.00 


Photoelectric Equipment Photo- 
electric Cells & Accessories 





Also Slide Wire Rheostats, Suspended 
Mirror Galvanometers 

G-M LABORATORIES [N¢ 

1732 Belmont Ave. 





CATALOG 


Chicago, U.S.A. 
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New... 
“GUTHRIE-LEITZ” 


AUTOMATIC 
POLISHING 
MACHINE 


y 
A 








Outstanding and New Features 


I. Three or more specimens can be 


polished simultaneously. 


2. A new specimen holder automat 
ically rotates the object, guaran 
teeing evenly polished surfaces 


plane to the edge. 


~ & Specimens in bakelite mounts 


can be used. 


1. An electro-magnet ol variable 


strength below the polishing dis« 
exerts a unitorm pull to the 


specimen against the polishing 


disc. 


eb- Continuous speed regulator per 
mits changing from 350 to 1000 


machine is in ac 


on, retaining full strength of 


motor 

> } 

G. All parts are easily removable 
for cleaning. Changing the pol 


requires only a few 


seconds. 


K. LEITZ. Inc. 


Department I 


60 East 10th Street, New York, N. Y. 


BRANCHES: 
Washington, D. Cc. Chicago, Illinois 


San Francisco and Los Angeles, Calif. 
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Recorder-controllers 


\ me series of air-ope rated control 
lers known as “Ampliset Free-Vane Con 
trollers” ire now iwailable for ito 


matically controlling temperature, time 
temperature, flow, liquid level, pressure, 





time-pressure, and humidity. The “Am 
pliset™ principle has also been combined 
vith the “Metameter” system of tele 
metering see lustruments Feb LO34, 
pave 36: Jan. 1935, page 23) for the re 
mote control of steam pressure and gas 
pressure. The new controllers operate on 
the basic “Free-Vane” principle (see Tn 

uments, Jan. 1982, page 9) but certain 
features of field adjustability have been 
dded where Hy sensitivity ¢ in be changed 
by means of a small serew driver to fit 


1 enable user to meet con 


OCeCSS TAY ine 
ditions not readily anticipated. Throttling 
range can be changed without removing 
chart or chart dial vithout disturbing 
the operation of the controller or upset 
tin the operation or equilibrium ot the 
process Instrument can be changed from 


direct-acting to reverse-acting or. vice 
versa, by turning the seale on the ad 
justment past the zero point The Bris 
f f Waoaterhu ( 


Multi-purpose Power Output 
Tube Tester 


Demands for compactne ss 1n radio 


servicing equipment ire met by new 


“Model 15017 multi-purpose power out 
put tube tester said to combine the 
equivalent of ten separate units For 
testing glass, glass-metal or metal tubes: 


; 


Amp litte ion tests, neon short test, sep 


té aoa ests, metered paper con 








denser tests (for short and open 
trolytic condenser leakage test, d-« 
meter and milliammeter, ohmmete 
voltmeter, decibel meter and imp 
test. Furnished in quartered oak cas 
sloping panels for either portal 
counter use The Triplett Electri 
sfrument Co. 37 Harmon Drive 


fon, Ohio 


Redesigned Control Valv« 


Lighter vet stronger than the cas 
construction which it supplants, an 
yvreater resistance to shock and str 
ill-steel welded construct 
the most 
change whic 


' new 


been made 
diaphragm 
tops of “Eve 
tion” air Oper 
valves. Designate 
“Motosteel Eve 


tion,” new valves 


! 









a larger molded 
phragm which (in 
junction with fe 
impressions i 
plate providing 

recess Of alr pres 
in starting) mal 
motor quicker ia 
as well as more 


erful \ lor 


spring gives 
er initial con 
sion ind les 
teresis, hence 
accurate res} 
to commands 
remote instru 
\ ball-be 
roller bearing 
guide provides rolling action throug 
entire stroke. Spring and spring 
ing nut, tS well is other moving 


ire readily accessible by removing 


plates. Valve position seale is coml 


vith name plate All parts ire spec} 
treated to resist corrosion Tay 
sfrume Companies ) {mes 


Rochester, N. Y. 


Refrigeration Calculator 
Commercial refrigeration busine 
willy requires compilation of refri 
tion loads and. selection of conde 
inits and coils. With new “Simplogt 
iverage dealer and. retail salesmat 
ible to select proper refrigeration ¢ 
ment (for various sizes of reach-in 


nets, walk-in coolers and various 


if disp! iV cases which comprise ma 
of commercial refrigeration applicati 
in five steps: (1) Fixture temperatur 
subtracted from room temper iture 
this differential is set in a wind 
the front of the Simplograph; (2 
ferring tot ibles on cde vice, a key ni 
is selected under thickness of insul 


ind opposite size of fixture; (3) Tr 


e ¢ 
ring to tables, B.t.u. load per he 
obtained for this” fixture: t) tur 
levice over, the figure nearest this 
is set in the B.t.a. load window 
sev in the form of a proper svmibx 
een condensing room temperature 
fixture temperature Is secured; 
ferring to window under coils and 
wk opposite this svmbol and_ se 
proper unit nd coil required for fixt 
Wes thouse kKlect \ Mfa 
/ t Pit r P 

















luid Metering Instruments 


plete line of indicating, record 
egrating and combination instru 
if the mercury and-float type, for 
th orifices and other primary me- 
elements, in ranges from 1” water 
200” water max., now rounds 
maker's lines of tiiting-manome 
niform-chart) flowmeters and of 
flowmeters. Introduction of these 
embodying a simple U-tube man 
is said to meet demand for inex- 
fowmeters for steam, water, air, 
nd other industrial applications, 


- location in_int 


rating types 









Interchangeable range tube 


Fig. 1 
icularly where maintenance must be 


} 


inimized: simplicity and ease of access 
| parts being emphasized. Charts of 


recorders are 12” diam.; dials of non 
recording indicators are also 12” diam.; 


risters of integrators are direct-read 
u Clocks: for 
pring-wound or electric with 24-hr. or 
iv chart rotation; for integrating 
odels, 24-hr. spring wound or electric, 
i-day electric. Other features are in 


counters. recorders, 


terchangeable manometer tubes to permit 


} 


tering meter capacity, safeguards in 
th high- and low-pressure chambers to 
revent loss of mercury, removable cover 
te to permit cleaning of chambers, 
ve float with high buoyancy, throttling 
ishing to dampen violent fluctuations in 
pressure-tight bearing of hardened 
inless steel, forged steel float chamber, 
daptation to flush panel or rear mount 
ind pressure and temperature rec 
ds on same chart with flow. Integrator 
new meter is positive and mechanical 
operation (see Fig. 2). Movement of 
t is transmitted through a sector to 
e pinion on cam shaft. Cam is shaped 


to extract square root. \ pin on integ 


tor index arm rides against the cam, 








in such manner that if cam is moved be 
cause of change in flow rate, index arm 
will assume a position corresponding to 
ictual rate of flow. An oscillating lever 
is moved back and forth by a flexible link 
operated by a crank on the clock shaft. 
\ pin attached to the pawl of this lever 
rides on the integrator index. When the 
pin reaches the knock-off point, the ~ wl 
engages with and advances i disk 
mounted on the first staff of the counting 
train, acting as a elutch or wedge to 
drive the disk forward. (On_ return 
stroke, pawl rides freely over disk.) This 
evcle is repeated every minute. Mechan 
ism is so designed that no disturbance 
to pen position occurs through operation 
of the integrator, and it is said that slip 
page cannot occur.-Cochrane Corp... A 

legheny Ave. § 17th St., Philadelphia, Pa 


Dial-reading ‘‘Chainomatic” 
Analytical Balance 


Readings at eve level) and minimal 
parallax are among advantages claimed 
for new “No. 415" Balance. ¢ ypacity Is 
200 &., sensitiveness 0.05 me. with full 


load Graduated dial and vernier read 











cs 78 


0.1) mg. to lOO me. Riders and fractional 
weights LOO me ire thus rendered un 
necessarv and this, with newly patented 
device for itering chain length while 
beam is swinging and case closed, per 
mits in mans instances making deter 
minations in one-fourth the time required 
by old methods. Releasing mechanism 
heam irrest arms and beam being pivoted 
thout a common axis, supporting points 
of arrest arms move through same arc 
as supporting points of beam, so that 
contact between edge and bearing a 

wavs remains the same, and shifting of 
end bearings with consequent dulling of 
igate edges is thus precluded Movable 
Inde r 
equilibrium of 
justing nut at end of beam, necessitating 


Customary method of adjusting 
balance has been by ad 
raising and lowering of front sash and 
not infrequently introducing an. error 
owing to warmth of hand. “No. 415” Ba 


ince is equipped with movable index 
“Auto-Dex” controlled = by i thuml 
wheel at left front of case, obviating 
necessity. of toucl ng idjustil ag 

of recording rest point, as rest 

zero point al vs coincide. Agate edges 
will last much longer, it is said, as 1 

be unnecessary to release S 
many times. During one vear this 
imount to LO times, If IS sal 

wl EY. / R “f/f \ 

f ( 


“AUTOSYN” 


Self = Synchronizing Motor 


AUTOSYN MOTOR 


$2 VOLTS AC 60 CYCLES SINGLE PHASE 


SR i ed 
BROOMLYM, MEW TORK 








ryPpE 769B 
ACTUAL SIZI 


Type 769B, the smallest selt 
synchronizing motor manu 
factured, is suitable for a wide 
variety of remote indication 
applications. Slight move 
ments of sensitive elements 
such as diaphragms and Bour 


don tubes may be instantly 


and accurately transmitted to 
duplicate or triplicate indi 
cators. 
Size—23¢" diameter x 2 long 
W eight—10 ounces 

Current .16 amperes 
Voltage—32V. A.C.—60 

Power consumption—2 Watts 
Heat Rise—15'C. 


PIONEER INSTRUMENTS 
Pioneer Instrument Company, rporate 


BROOKLYN, NEW YORK 


Subsidiar re Bend Avia ? rpora 











GET THIS 
BOOk... 


In the field of physical testing, 
engineers have long debated the 
advantages of different types of 
testing machines. Riehle has pre- 
pared this booklet a fair, un- 
biased history and description of 
the development of each type. 
Engineers will find the booklet 
Write 


interesting and helpful. 


fora cops today. 


RIEHLE 
DIVISION 


AMERICAN MACHINE AND 
METALS MANUFACTURING CORP. 
« 

100 Sixth Avenue, New York 
° 


East Moline, Illinois 


RIEHLE DIVISION 
100 6th Avenue, New York, N. Y. 


Please send me copy of “Develop 
Hydraulic 


d Vow ic \ 
ment of the Precision 


Machine.” 


Test ng 
Name 
Company) 
street 
City State 
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Bubble Sextant 


Designed from plans submitted by the 
Bureau of Aeronautics and Lt. Com 
mander P. V. H. Weems, a new aircraft 
bubble sextant, with which the altitude 
of heavenly bodies may be measured 

ithout depending on a sea horizon, 1s 
intended primarily for use with aircraft, 

' 


Dut as equally useful to surface vessels 


when stars are visible but no horizon, or 
vhen fog conceals horizon while permit 
ting the sun’s position to be seen. A selt 
contained artificial horizon in the form 
of ia liquid bubble ippears In the field 
of the sextant as a sharply defined circle 
to the center of which the heavenly body 
is brought to coincidence. The graduated 
irc, index bar and vernier of the regular 
sextant are replaced by a worm and gear 
mechanism operated by a knurled thumb 
wheel The seale ind vernier are replaced 
by a three-digit counter permitting read 
ing altitude to a single minute of are 
Bubble is illuminated by a dry battery 
inside handle, the circuit passing through 
i two-way toggle switch, one position of 
vhich illuminates the altitude drums and 
the round-glass record slate which = is 


marked “Alt” 


Instrument carries two moy 


divided into two columns 
nad Pine 


ible moderating 


glasses for reducing 





brightness of moon and sun to a com 
1 ble degree for the eve Bubble cell 


bubble composed ot 


iS free-pl ving | 


ture of volatile hydrocarbons. Bub 
ble size mav be changed quickly Dy ro 
ting milled button with directions 


engraved upon it. Entire bubble assembly 


is contained in a metal mounting form 
ng a complete unt Operatio ODSETT 

) Su or mot Moderating ovlass or 
glasses G, are put into position Filter 
Gy Is dropped over lens | Bubble is 


illuminated by throwing toggle switch 
ind idjusting rheost it. The eve is pl iced 
in position FYI Light from bubble 
passes through prism P ind lens Le, 


through index mirror M to EYE, which 
sees the bubble as if it were infinitely 


distant. Light from sun or moon 
long the path S, through mod 
glasses G, to index mirror M fror 
it is reflected also to EY K, N 
image of the bubble and the in 
the sun or moon will appear coir 
only when mirror M is at. the 
ingle of rotation about an axis 
dicular to the paper. This rot 
iccomplished by means of the 
When the images 
coincidence, the altitude may be 
from the counter drums. For o/ 
stars, lilter Go is also dropped ove 


thumb wheel 


I.o but moderating glasses G, 

moved to their “out” positions. ‘I 

now is placed at EYE. Light fri 
bubble traverses prism P and let 
reaching the index mirror M whe t 
is reflected to EYE... Light fro é 
star passes along path So throug! 
mirror M without change in direct 
KY». In this case also the star ar 
image of the bubble will appear in 
distant. Coincidence is made as i é 
previous case, Mor using the sea h 
filter Gy» is removed from in fror 
lens L.,; moderating glasses G; n he 
in or out, depending on the brig! 

of the heavenly body In this ca 


lenses | ind Lis constitute a unit 


telescope presenting an infinitely d 
image of the horizon to the eve eithe 


EYE, or EYE». 


horizon is 


Coincidence wit}! 
made in the same manne 
rotating the knurled thumb wl 
Rausch \ Lomb Optical Co. 


Rochester, N. Y. 


Electronic Circuit Protectors 
\ new line of 


has been developed for surge prote 


easeous disch urge 


nd are suppression in highly ind 
circuits, especially direct current. | 
ciple: in a gaseous discharge tube 
rent flows until voltage ipplied 
' ' 


cient to ionize the gas, which the 


comes a eood conductor. Tubes ire 


250 ind 500-1 


for use in 125-, 
eirecuits ind ealibrated sO that ho 
placed upon the normal circuit \\ 
surge potential (due to opening 
itch for instance) rises above 
tube ionizes and shunts out the 
Dube s are ordin rily pl iced in shu 
coil or magnet between switeh an 
nd reduce coil potential to norn 
in. 0.010 to 0.1125 see. after cir 
opened. Two current carrying cap 
Junior line with peak load value 
mps. and Hleavy Dutv line wit! 
ilue of 100 imps. , 
\ line of 


fered This device is a combinatior 


re Suppressors is 


surge protector tube and a eaj 
Furnished only in Heavy Duty ty} 
Sundt Kina weeringd 0.. S / 








Arc Suppressor 

















ors 





AMES 
GAUGES 


of Solid Brass 





AMEs 


for accuracy 





Brass is used most commonly in the con- 
truction of gauges, instruments, clocks, 
etc., because it provides good bearing sur- 
faces for staffs, is machined accurately, 
stamped and polished and plated easily 
and is tough and durable. Many parts of 
Ames Gauges are machined from solid 
brass. The cases are solid, thick-section 
brass tubing, as are the bezels. The move- 
ments are attached to thick plates of solid 
brass. The case stems are machined from 
brass rod, and the wheel support is 
stamped from sheet brass. 

More reason why Ames Gauges exceed in 
durability and accuracy. 


B.C. AMES Co. 


WALTHAM, MASS. 




















COCHRANE 
FLOW METERS 


fecurate — Sensitive — Rugged 


mare 
ft =, & 
e/ 


oe Fy . Ne ‘a 
ii all a a” ee Ory 


_ 





Adaptable to industrial service wherever the tiow of 
team, water or other liquids or gases is involved, 
Cochrane Flow Meters are sturdily built and extremely 
ensitive to variations in flow. 

Recorders of both the Electric and the Mechanical 
models are guaranteed accurate within one-half of one 
r cent of absolute under full load. 

Cochrane Electric Flow Meters operate on the super- 
sccurate galvanometer null principle. They may be in- 
talled at any distance from the pipe line, facilitating 
ntral panel grouping. 


Send for complete information 
” 
COCHRANE CORPORATION 
Dept. INS-6 
egheny Ave. & I7th St., Philadelphia, Pa. 














Piezo-electric Oscilloscope Units 


Deflecting element consists of a thin, 
narrow, twister bimorph element (0.030 

0.125”) cemented in Bakelite at one 
end; other end free to vibrate torsionally 
ind carries a plane 
mirror about 1,” 
square. Leads are 
brought out through 
pins inserted in Bake 
lite base. This element 
is enclosed in an oil 
tight brass housing 
consisting of a length 
of tube surmounted by 
a head of square stock 
provided with a lens 
sealed window Oppo 
site mirror. Lens is 
plano-convex and has 
a focal length of 10 
This enables light from 
mirror to be brought 
to a focus without any 
additional optical 
part. Lenses of differ 
ent focal lengths, or 
plane windows, can 
be supplied. The lens 
or window is. tilted 
slightly downward so 
that any light reflected 
from its surface will 
not interfere with the 
light reflected from 
the mirror. Units are 
filled with oil which serves as a d unping 


agent ind ilso protects the ervstal 
igainst) physical shocks due to rough 
handling. Oscilloscope units are voltage 


operated devices of high impedance, de 
signed to cover frequency ranges of 
1,000, 5,000 and 10,000 eveles. Over the 
specified frequency range the response Is 
essentially constant for a fixed impressed 
voltage. Lowest impedance in each f ré 
quency range is about 80,000 ohms, so 
that when operated by an amplifier an 
ordinary general purpose triode may be 
used as a driver 

Type OS (illustrated half actual 
size), for frequencies 1000 eveles, has 
sensitivity of the order of 0.001 radians 
per peak volt, which will produce a band 
width of 2” at 10” radius for an applied 
a-c. potential difference of 100 peak 
volts. Deflections are proportional to ap 
plied voltages; 30 to 50 volts r.m.s. will 
generally produce sufficient response 
Sensitivity figure given is for room tem 
perature Temperature changes — will 
cause variations in- sensitivity (kept 
within 2 or 3 db by inserting in series 
with the unit a capacity whose impe 
dance matches that of the crystal ele 
ment: ¢.g., a 0.004 mfd. capacitor) 
Type OS-2 is for < 5,000 cycles. Band 
width due to a fixed impressed voltage 
is essentially constant throughout entire 
frequency range, and sensitivity is ap 
prox. one-quarter that of Type OS-1 
\ series capacity of 6.001 mfd. will gen 
erally be found satisfactory for minimiz 


ing temperature variations 


T'ype OS-3 is designed for applications 
where high fidelity is the most important 
consideration involved. Uniform band 
width « 10,000 eveles. Sensitivity about 


half that of the OS-2. 

Illustration shows stand on which ¢ ich 
unit may be mounted adjustably T he 
Brush Dewe opme ni (‘an Kast LOth & 


Perkins Ave., Cleveland, Ohio 





Do you know 
your vacuum? 





Let the TRU-VAC gauge tell 
you—accurately—continuously. 
Records pressures from 0— 
10,000 microns. Invaluable in 
processes requiring dependable 
knowledge of vacuum condi- 
tions. 
Its numerous advantages are 


outlined ir ur bulletin TV2 
gladly sent upon request 


CONTINENTAL ELECTRIC CO. 


St. Charles 6, Illinois 
PHOTOCELLS VACUUM SWITCHES 














le kS MAINTAIN 
u PRECISION 
in your instruments 


with TRUFLEX 
THERMOSTATIC BIMETAL 


Ambient conditions cannot upset the precision of 
a temperature recording or controlling instrument 
if Truflex bimetal is on the job. For Truflex com 
pensates for those conditions—keeps the instru 
ment true. 

The sensitivity of Truflex to temperature changes 
makes it possible to give your instruments, in ad 





dition to ambient compensation, overheat prote 
tion, intermittent current contre automat op 
eration and many other desirable features 

Truflex is consistently uniform. Comes in 24 


combinations of metals and is easy to apply to 


a product 
Find out what Truflex can do for your product 


Send for descriptive handbook 301-1 


GENERAL PLATE COMPANY 


ATTLEBORO, MASSACHUSETTS, U. S. A. 
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Kurman 
OFFERS 
New x 
OS te 


Sensitive 


Relays 


. neal 


SENSITIVE 
14 Milliwatts for positive operation. 
ADJUSTABLE 
Pull up—drop out—speed. 
DROP OUT 
From 50 to 85% 
CONTACTS 
Fine silver 
RANGE 
0005 V. 25 amps -to- 20 V. .00065 amps. 
FEATURES 
1C—Wide contact separation. 
2C—Speed .001 seconds. 
RUGGED 
Some customers report 4 years continu- 
ous satisfactory operation. 


of pull. 


14g amps 110 V. A.C. 


Kurman Electric Co., Inc. 


241 Lafayette Street, New York City 











Photo Electric 
Apparatus 


These instruments incorporate 
the Lange supersensitive cells 
and are therefore suitable for 
high-accuracy as well as low 
intensities. 


Among the instruments are— 
UNIVERSAL COLORIMETER 
for use with liquids, powders or 
solids. 

ILLUMINATION METERS of 
various types—direct reading 
or recording. 
PHOTOELECTRIC CELLS of 
highest sensitivity for photo- 
metric or colorimetric work. 


SEND FOR OUR 
NEW APPARATUS LIST 


PFALTZ & BAUER 


INCORPORATED 
Empire State Bldg., New York City 
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Paper Inspection Device 


Developed primarily for detecting fuzz 
on paper surfaces, new “Fuzz Detector” 
can be used for revealing other surtace 


mnpertecttons ind characteristics, under 
comparative conditions of viewing and 


illumination. With its use, paper machine 





operators or paper tester can readily in 


spect the condition of the paper surtace 


for such detects is TuZzZ, wrinkles, 


cockles, roughness or grain and indenta 
tions: also seuffed, picked ind streaked 
surtaces, felt and wire marks, rust from 
drver rolls, ete. Ullumination consists of 
two L00-watt lamps contained in a suit 
ible housing, adjustable to proper ingle 
over the 12’ 15’ 
which material to be observed is placed 
An adjustable. slit 


light source and viewing table. Over 


viewing table on 


Ss proy ided between 


viewing table is placed a metal housing 
(desig aa to eliminate glare and exclude 
external light), provided with an opening 
through ak operator views sample 
ind with a door through which hand can 
be inserted to facilitate further inspec 
tion and to rub paper surface to ascer 
tain tendency to fuzz. By a single setting 
of light source and slit opening , materials 
of widely varying thicknesses can be 
eX mined, such is tissues, bonds ind 
yristols. Materials 14” thick require a 
slight adjustment of illuminating device 
The presently designed instrument. will 


iccommodate thicknesses ys Ham 


Paper C0., rie Pa 


mermi 


High-vacuum Valve 


New “No. 318” valve is designed espe 
cially for controlling minute gas flows 
into and between component parts of high 
Degree of regulation 

ifforded is said to 
he comparable with 
that of a capillary 
leak, and to pos 
sess certain advan 


vacuum svstems 


tages over other 
forms of controlled 
leaks as it is easily 
idjusted and _ set 
tings ire repro 
ducible from = day 
to day. As with all 
flows through small 





orifices, however, 
equilibrium flow 
conditions are not attained immediately 
ifter adjustment. Valve may be used at 
pressures as low as 10-6 mm. Hg. Both 
inlet and outlet sides are leakproof 
igainst atmosphere, as spindle is indi 
rectly operated by means of a carefully 
ground, stainless steel key. Standard 
connections provided are for glass or 
rubber tubing slip-over unions and should 
be sealed with picein, de Khotinsky ce 
ment, or their equal Hoke, Ince., 12 
Fifth Ave., New York City 





PYRO onic none 





SELF - CONTAINED, 
DIRECT READING, 
RUGGED AND 
FOOL-PROOF 


Unique construction 
enables operator to 
rapidly determine 
temperature even 
on minute spots, 
fast moving objects, 
or smallest streams; 
no correction charts 
—nho anecessories. 
PYRO OPTICAL is 
now available in a 
new type with three 
separate, direct- 
reanding scales— 
ideal for steel mill, 
open hearths, soak- 
ing pits, laborato- 
ries, ete. 
Stock Ranges: 
1400° to 5500° F, 


PYRO RADIATION 
PYROMETER 


Ideal for furnace or kiln 
use. Gives actual heat of 
material aside from fur- 





































mace or kiln 
perature. D 








nates 
Always ready 
within three second 
shortcomings in your 
ment. Stock ranges 


380° F 
Write for special bulletins 
THE PYROMETER INSTRUMENT CO. 


103-107 LAFAYETTE ST., NEW YORK, N. Y 
GRANT BLDG., PITTSBURGH, PA. 














Ultra Sensitivity 
In Portable Meters 








FULL SCALE 0.3 MICROAMPERE 


Dynamometer wattmeters, millia: 
ters and voltmeters. Also ult ra-sensit 
meters both for A.C. & D.C., 
meters, electrostatic voltmeter 
full scale 120 volts to over 20,000 v 
thermocouples, earth current met 
cable testers, fluxmeters, etc 

Photo Electric Cells 

“Electrocell’”’ 


Special Apparatus Built to Orde 


RAWSON 
ELECTRICAL INSTRUMENT C 
Cambridge, Mass. 
Branch: 91 Seventh Ave., New York City 


Representative: E. N. Webber, 
1217 Washington Boulevard, Chicago, Ill 
































1e U.G. I. Nitric Oxide Recorder 


By W. E. STACKHOUSE 


The United Gas Improvement Company, Philadelphia, Pa. 


I. NATURE OF PROBLEM 


WOR several vears the Department of Research and 
4 Tests of ‘The United Gas Improvement Company 
ias been engaged in a study of the problems result 
from the presence in manutactured gas of particles 
cum. The effect of gum is evident in gas pilot stop 
s and in malfunctioning of water heaters, of gas 
igerators and of other gas appliances in which the 
flows through small openings. Deposits occur also on 
ilves of governors, meters and compressors. 
Investigations’ have shown that the gum is formed 
m the reaction of small amounts of nitric oxide and 
oxygen with any of a number of organic compounds in 
the gas. The reaction occurs in the vapor phase and re 
sults in the formation of sub 
microscopic particles which re 
un dispersed in the gas A B S 7 R A c T 
for long periods. In_ passage 
through small needle valves 
ind orifices these particles de- 
posit in the openings and re 
strict the gas flow. 
The source of NO in the gas 
s products of combustion. In 
carburetted water gas its pres- 
ence is due to incomplete purg- 
ing of the water-gas sets, leak- 
ing blast valves, ete., and in 
coke oven or coal gas to cracks 
in the settings and consequent 
leakage of the products of com 
bustion into the make gas be- 
cause of the normal operation 
of the ovens at less than atmospheric pressure. 


Although NO occurs in the gas in relatively small 
mounts, a concentration of the order of one part in 35 
million (0.0286 parts per million) will cause trouble due 
to formation of vapor-phase gum in the gas. Tests indi 

ite that to avoid trouble from vapor-phase gum the NO 
should be kept below one part per 350 million. While it 
s not the purpose of this article to discuss the relation- 
ship of NO and gum, it should be noted that in situations 
where all of the NO has combined with gum formers it 
is possible for the gas to contain no NO yet have a gum 
content sufficient to cause trouble. 

The unit for expression of NO concentration that has 
proven most convenient is “grams of NO per million 
cubic feet of gas, observed.” This is a hybrid unit but 
illows expression of concentrations usually encountered, 
n integers and not small decimals. One gram per million 

ibie feet is equivalent to one part in 35.4 million. 

Obviously the determination of such low concentrations 
presents a much greater problem than the methods for 
letermining the other usual impurities in the gas. such 
‘is ammonia and hydrogen sulphide. 


nt applied for 


\ . ; 
ird, Jordan & Fulweiler. Industrial & Engineering Chemist? \ 
132, pages 969 & 1283; Vol. 25, 1933, page 1224 

} ° + . a - - 

irdan, Ward & Fulweiler. Industrial & Engineering Chemistr \ 

‘34, pages 947 & 1028; Vol. 27, 1935, page 1180. 
weiler. Proceedings American Gas Association, 1931, page 


age 838; 1933, page 829; 1934, page 954; ilso American G J ” 


Vol. 140, 1934, page 2 


BY AUTHOR 


An apparatus has been developed for con- 


ide in manufactured gas. The nitric oxide is 


oxidized in the gas phase and absorbed in 


ranging from pink to red. The color intensity 


is measured by a photocell circuit and a po- 


rectly in terms of nitric oxide concentration. 


II. ANALYTICAL METILOD 


The analytical method was deve lope d after extensive 
study of the various methods re ported in the literature.’ 
It consists essentially of oxidizing the NO contained in 
a known volume of gas and absorbing the resultant prod 
uct in Griess-Ilosvay reagent. A colorimetric comparison 
of the resultant test solution with color standards vields 
a figure which represents a definite concentration of NO 
in the solution. Knowing this and the gas volume used 
during the test. the concentration of NO in the gas is 
readily calculated as grams of NO per million cubic feet, 
observed. Conversion to actual grams is effected by us 
of multipliers for the observed values. These conversion 
factors have velues ranging from 2.9 for 1.0 gram ob 


¢ 
served to 2.3 for 15 grams ob 
seTve d. The se value S h ive be en 
obtained by determinations of 
known NQ_ concentrations in 
synthetic gas-NO- mixtures. 


However, for usual plant con 


tinuously recording the quantity of nitric ox- teal week, the “observed” val 


ues are used directly. 
The chemical test as devised 


was intended for running 


Griess-Ilosvay reagent, which develops a color “spot” tests, lasting from per 


haps 15 minutes up to possibly 
2 hours, depending upon the 


concentration, obtaining — the 


tentiometer recorder calibrated to read di- average concentration during 


the test pe riod. 

Because of the nature of the 
methods of gas manutacture, 
variations in the concentration 
of NO in the gas are likely to occur from time to time. 
As a high NO concentration over a short period of time 
may cause as much trouble as low concentrations over 
long periods, a device giving continuous records of NO 
concentration was essential for study and control of the 
problem. The advantages of such a recorder, showing the 
hour-to-hour variations throughout. the day as against 


spot test readings once or twice a day, are obvious 


II]. vite Nirric OXIDE RECORDER 


The form of the Nitric Oxide Recorder is shown in 
Fig. 1. At the right is the chemical cabinet in which the 
gas being tested is specially purified for test purposes, 
as described later. ‘The NO is oxidized and the reaction 
product absorbed in the Griess-Ilosvay solution, vielding 
a pink color the depth of which is a function of the oxi 
dized NO. This colored solution is analyzed for color in 
tensity by means of Weston “Photronic”’ photoce lls con 
tained in the lower compartment of the chemical cabinet. 

The recording potentiometer shown at the left meas 
ures the potential drop across a fixed resistance. This 
resistor forms part of a resistance network into which is 
fed the output of the Photronic cells. The calibration of 
the potentiometer is in terms of NO concentration directly. 

The recorder has been designed to operate continuously 


for a week, at the end of which time the solution reser 
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voirs are refilled and certain portions of the glassware 
cleaned. 
Chemically, the recorder and manual (or “‘spot’’) test 
identical. The lies in the method of deter 
th test In the 


manual apparatus the test solution is matched by eye 


art difference 


mining solution. 


color intensity of the 
whereas in the recorder the 
tube 
tinuously and the color intensity determined in terms of 
of 


with known color standards. 


test solution is passed through a comparison con 


light transmission as measured by a Photronic 


pair 
cells. 
In 
tested j 
n by 


to 


s passed through a small reciprocating pump 


the chemical operation of the recorder, the 


gas 
be 
a self-starting induction motor. The 


drive pump Is 





used for boosting the pressure of the gas to 20” water 
to the 
drops of the scrubbers. The pump passes 1.2 ft. 
gas and, of this, 0.4 ft. 
the surplus gas bubbling through the pressure regulating 


column, a pressure sufficient overcome pressure 
hr. of 


hr. is normally used in the test, 


tube and then to the purge line. 
The gas for test then passes through a Milligan-type 


25 potassium hydroxide 


gas-washing bottle containing 25 
solution, which removes hydrogen sulphide. The potas 
sium hydroxide scrubber incidentally removes carbon di 
oxide and the bulk of the water vapor. It is necessary in 
the test to remove completely all traces of hydrogen sul 
phide to prevent bleaching and “off colors’ of the test 
solution. 

From the potassium hydroxide scrubber the gas passes 
through a scrubber containing a 109% solution of maleic 
anhydride in isoamy] alcohol for removal of all those hy 
drocarbons that catalyze the oxidation of NO and for 
mation of vapor-phase gum. From the isoamyl alcohol 
scrubber the gas passes through a differential flowmeter 
for indication of the gas rate. 

At the outlet of the gas flowmeter, commercial oxygen, 
metered by a differential meter, and butylene (containing 
fed at 
gas being tested and passed into a reaction bottle of such 


butadiene ) a controlled rate are mixed with the 
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Fig. 


— 





size that with 1.5 minutes time of contact the NO is 
lytically oxidized by the excess of oxygen in the pri 
of butadiene. 

All the hydrocarbon catalysts are removed in th 
leic anhydride-isoamyl alcohol scrubber for the + 
that some of them catalyze the formation of vapor 
gum from the oxidized NO. The formation of gun 
ing the analysis would cause a lowered recovery otf 
It is necessary, however, to have present a catalys 
will accelerate the oxidation of the NO. For this pu 
the butadiene is added, and complete oxidation 0 
NO is obtained in a 
diene would also catalyze the formation of vapor- 


the NO. but 


contact time of 1.5 minutes. |] 


gum from oxidized there is an indu 








period of approximately 3 minutes before the rate 
that reaction becomes appreciable, and in the mean 
the oxidized NO has been absorbed in the Griess-Ilos 
reagent. 

From the outlet of the reaction bottle, the gas-oxyg 
mixture enters an absorption tower, arranged for co 
ter-current gas-liquid flows. The tower is packed © 
solid glass beads, and the design is such that with 
NO concentrations to be determined by the recor 
an absorption efficiency of 99°¢ or better is obtai: 

The Griess-Ilosvay reagent used in the recorder 
determine the amount of oxidized NO is composed 
acetic acid, alpha naphthylamine and sulphanilic aci 
nitrite-free distilled water. The reagent when prepa 
is water-clear but forms a purple-red azo dye in 
presence of nitrites. This reagent was originally di 
oped for determining nitrites in water analysis an 
more sensitive and easier to use than any of the ot 
proposed for nitrite determination. 

The Griess-Ilosvay reagent, properly diluted, is 
from the storage reservoir to the standard or blank « 
parison cell and from this cell to a Soxhlet-type sy} 
which “trips” at regular intervals (approximately ¢\ 
20 minutes with the usual Griess solution rate) disch 
ing directly into the top of the absorption tower. 
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rge period of the Soxhlet syphon tube is so short 
ie volume delivered is of such size that a nearly 
sen column of solution travels down the absorption 
n this way wetting all the beads. This type of so- 
feed accounts for the nearly complete absorption 
oxidized nitric oxide passing up through the tower. 
the tower the solution enters the test comparison 
color of the test solution, when present by reason 
oxidized NO, causes a difference in light energy 
ng the test Photronic cell and a change in current 
t of the latter, unbalancing the potentials in the 
tance network. This unbalance is measured by the 


‘ding potentiometer. The relation between potential 
ilance and color intensity is determined by the use 
‘lor standards. The previous calibration of the in 
ment with color standards allows the color intensity 
recorded directly in terms of NO concentration. 
Che light source is a high-intensity, low-voltage, tung 
filament lamp. By operating the lamp at less than 
d voltage, after proper aging, constant light intensity 
‘btained for five weeks, after which a new aged lamp 


s 


installed. The lamp is operated directly on 60-cycle 
rrent, using a saturated core-type voltage regulator. 
Mounted on either side of the lamp, bi-convex lenses 


a 


he: 
2 
NO Recorder No. 21. Purified Coal Gas 
¢< id = 16 = 55 


ee 


Fig. 2 


ender parallel the light entering the liquid comparison 

lls. The comparison cells are Pyrex cylinders having 
Pyrex windows fused directly to the cell body. The cell 
windows are optical grade Pyrex, causing no distortion 


of the light entering the cells. 


Che photocells are mounted on the comparison cell 
ders, being properly screened, and receive the trans 
tted light from the comparison cells. The output of 
photocells feeds into a resistance bridge network ar 
nged in such way as to develop a potential across one 
m of the bridge with change of color in the test com 
irison cell. The potential difference across this arm is 
sured by a potentiometer strip-chart recorder. ‘Th 
cial scale of the recorder is semi-logarithmic, giving 
idvantage of reading the lower concentrations with 
ther large deflections, since it is of more interest to 
ferentiate 0.2 and 0.3 grams per million cubic feet 
n, say, 8.0 and 8.1 grams. The recorders are furnished 


with specially printed chart rolls. The standard range of 
the recorders is 0 to 15 grams of NO per million cubie 
teet observed, but they can be operated directly with 
any multiplier up to 30%, giving a total range of 450 
grams. This is accomplished by suitable adjustment of 
the gas and oxygen rates. 

The section of chart illustrated in Fig. 2 is tvpical of 


the records obtained and shows that average values as 


obtained by means of the spot testing apparatus during 
any period of time may be misleading and should be in 
terpreted only in comparison with variations as indicated 
by recorder results. 

Constant flow of solutions in the recorder has been 
accomplished by using Mariotte-type constant-head solu 
tion reservoirs. ‘These deliver solutions to the control 
capillaries at constant hydrostatic heads regardless of 
the solution levels in the reservoirs. 

Constant rate of flow ot the Griess re agent 1s require d 
regardless of changes of ambient temperature of the r 
corder. This is necessary because the calibration of the 
recorder is depende nt upon the rate of Griess solution 
flow, response of the photocells to definite color stand 
ards and the gas rate. This constant flow of Griess solu 
tion is accomplished by using the above-mentioned con 
stant-head reservoir and having the control capillary 

mounted inside a thermo 
stated cubicle which is main 
tained at a temperature of 
92°F. This constant-tem 
pe rature cubiel IS necess iry 
for maintaining the tempera 
ture of the reaction bottle 
and absorption tower, 92°] 
being the optimum tempera 
ture for the oxidation of the 
NO and ibsorption oft the 
product in the Griess solu 
tion 

Minor variations in the 
rate of flow of the potassium 


+ 


hydroxide solu on ind ot 


the maleic anhydride-isoamy| 


ileohol solution with changes 


in ambient temperature do 
not iffect thie ICCUTACY) of 
the recorder. Furthermors 


these variations are slight 

because the recorders are in 

tended for use in normally 

occupied rooms having tem 

peratures in the usual rang 

65 to 95°F \ length of 

stainless-steel capillary is 

used for the control of the potassium hvdroxid solution, 

since glass capillary is so quickly enlarged by the caustic 
solution. 

The butylene with butadiene is obtained liquefied in 


evlinders. At 70°F. the vapor pressure 1s 40 Ibs. /in. 


gage, and it is nece ssary to reduce this pressure to ap 
proximately 6” water column and control with a stop 
cock the butylene feed rate, which is 0.01 ft.” hr 4.7 
ml/min.). In the first recorders the butylene was ex 


panded by a relay-solenoid valve system, but the re 
corders are now equipped with pressure re gulators of 
the type used with the liquefied petroleum gases. 
Thirteen recorders have been made and sold by The 
United Gas Improvement Co. The companies using them 
are finding them of great service in the study of the 
problem of controlling nitric oxide in manufactured gas 
Arrangements have been completed whereby these re 


corders will be made commercially available in the future. 
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The New Dry Batteries for Instrumen‘s 





By H. E. LAWSON 


Research Engineer, Burgess Battery Co., Freeport, III. 


HILE th 


formerly 


development of instruments. that 
utilized dry cells seems generally 
towards the use of the more economical power 

of the transmission lines, the dry battery industry is still 
increasing in size. This is due partly to the growing pop 
ularity of new uses which demand a current supply to the 
delivery of which dry batteries are ideall ysuited. Pure 
direct current in small, portable packages is still most 


Aside from the 


current characteristics, low cost is an important factor. 


satisfactorily obtained from this source. 


Che service required of cells in present-day Instru 
mentation equipment and research 
ipparatus can be divided into five 
general classes, as follows: 

l Maintenance of constant 
emi 
2 Generation of light. 
3) Generation of heat. 
| Generation of motion. 
5) Generation of sound. 
Ohmmeters and pote ntiometers 


ind) various special instruments 


Fig. 1. The vari- 
ous sizes of cells 
manufactured by 
the Burgess Battery 
Co. (The large one 
is not commercial.) 


it 
1 
| ; 


win 


developed 
from them art 
tv pr il exam 


ples of thre 


rometers and 
theodolytes, of 
the second; 
Various Sih il] 
motors, vibra 
tors and sole 

noids in re | iVs 
comprise the third; caponizers which 


operate by means of a heated wire 


ire typical of the fourth group; = 

ind the various alarms the fifth. Z. y 
rare | ) 
Phe device and the power supply " 1.00 


ippear to be dependent upon each 


other, the demand bringing about 


improvements in the cells and thes« 
+ 


nore efficient cells making further uses practical. 


Space will not permit the description or even enumer 
ition of all the various uses that present day dry bat 
} 


teries must successfully meet. The characteristics of a 


few members in a group of newer batteries now being 
constructed for special instrument and laboratory uss 
Y briefly touched upon in this article as 
i vu ce for the 


ones. It often is found that marked improvements in 


selection of the most. satisfactory 
instruments will be ob 


thre performances of many 
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TABLE I—CELL DIMENSIONS 


tained by the wise selection of the power 5 
Efforts were made in the past towards the prod 
of more powerful cells, and these occasionally met 
some success, but it was not until recent discoveries 
made relative to the internal economy of this ty pe 
that the economical production of reliable and w 
ones was made possible. There are relatively few 
vidual sizes of cells from which the new batteri 
made. The open-circuit voltage of each is in the neig 
hood of 1.6. Fig. 1 shows'the relative sizes of mi 
the cells manufactured by the Burgess Battery Co. wit] 
one large experimental one y 
way never put on the marks 
baliv of the group is marked “\ 
Table I gives the dimensior 


some of these cells. 


THE BATTERIES 


Irom these cells a great 


ber of special batteries are 


or parallel. The characteris 
shown in 
graphs tl 
follow will. of 
course, h 
for the 


teries whet 





2eEecount s 
taken of 
number 
cells in ser 
or paral 
The shelf lit 


and Capa 


Fig. 2. Some ot 
the special batteries 
being manufactured 
< for use in inst 
ments. 


will not vary greatly, but the vol 
and internal resistance will be 


+ Pb tiplied by the number of cells in 
1.875 14 ies. The internal resistance is dis 
; 13 100 by the number in parallel, and 
A437 156 voltage unaffected by such num 

Table I] gives the dimensions 
voltages of a few of those batt 
that are at present most popular. Some of. these 


teries appear in the group shown in Fig. 2. 


Many technicians are still under the impression 
the sO called “Shelf life”’ or storage life of a dry Ct 
in some way proportional to its size, and that the sn 
units are particularly poor in this respect. This pro} 
is a greatly misunderstood one. There are at least 


tvpes ol “Shelf life” 


1) Drop in voltage on open circuit. 





by arranging them either in series 








s1ONS 


Tt 


CTIStics 
in the 
s that 
will, of 
. hold 
Dat 
when 
nt is 
of the 
er 
SCT . 
alle 
|f ly4 
pacity 
yme ol 
atteries 
ictured 
instru- 
! 
yitag 
1) 
if. 
} 
\ 1 
d 
mi] 
5 
te 





Drop in capacity between fresh and delayed dis 


Drop in capacity when cell is stored between two 


periods of discharge. 
e three types are illustrated in Fig. 3 for two of 


lls, small and large. 


CAPACITY 


impossible to state definitely what service can be 
ed from a cell when used under the great range of 


ions of current drain, temperature, and degree of 


iittence of discharge to which it may be subjected. 


positive to the slide in such a way that when tl 
set in the middle 


both ce lls are 


M slide IS 


discharged at the same 


rate. This slide is then so adjusted that the voltages of 


the two cells cancel out and no direct current is passed 


through the bridge. The 
out for finding the 


usual 


resistance of the 


calculations are 


Carrie d 


cells when that of 


the coils in parallel to them are known. 


Figs. 5 and 6 show the re lationships of 


internal 


resis 


tance to drain and closed circuit voltage during discharg 


tor several of the spe cial ce Ils referre d to hie re. 































































































































































































: * : . . . a a TABLE TI—WMISCELLANEOUS DATA 
curves in Fig. 4 will, it is hoped, give sufficient See “er? ix kaneis 
ition to enable the technician to select the most 
battery for his particular service, assuming that a 
helf lives of all batteries listed are of the same order. B30] 15 \ Ibs. ¢ 814 "x7 
Z301 2 Hy \ 2 t \t 
INTERNAL RESISTANCE NOR ~ fo Vole , x 
WSO! 2 5 \ Q « ( x 
for many instrument uses the internal resistance of 
y . P . > ; REGULAR MIDGET I BATTERIES 
cell or battery being used is of considerable impor 
ince. Of the many methods that have been proposed for ae as 
. b . 7 Z3 i} é t \ i ' I Xx \ 
suring internal resistance, perhaps the simplest one X30FL 2 15 \ N x4 
. : i W30FL 22 iSvVv 8 x 
giving reasonably accurate results is that in which an 
ilternating current bridge is employed. Two cells of the PORTABLI AND 41, VOLT “A” BATTERIES 
same emf. are connected in opposition and the readings 
nade. The resistances of the wires in the circuit can be ae + 8 
correcte d for, and the resistance of the two cells divided T3sF i, ; \ 9 
. : T2FL }! Ld 
by two. When a cell is to be measured under load, the 2 (1025) é 
cells are connected as above. The two negatives are con- tat 3 L Ib. 12 07 1h. | 
. o i . t & i Z s ‘ 
nected to opposite ends of a slide wire rheostat and the 1H 1] 2 5g ‘ , 
6 | Mo. lyrd Fig. 3. “Shelf Life.” 
= volte 
Fig. 4. Capacity in hours of service as related 
1.5 open circuit volte ‘ ° ae 
to drain in mils. 
= 4 : - ; 
Po. =“ c Fig. 5. Relation between current drain and 
a Cc a initial internal resistance of cell. 
- | | 
| — i “ 
P12 ot T | Fig. 6. Relation between closed circuit volts 
4 -! > q on 4 ohms continuous discharge and inter- 
pa NN ” nal resistance of cells. 
~~: NX i 
L 1.0 i —— 8 
: 3 \ NN \ — - ~ ewer 
Lo « N\ 4 } | 
» oN £ _ 4 4+ 4 ———_4+_——_+—__+——_ + 
; \ \ NN 3 x | 
+8 © 5A ne 2 aS 
™ \ $ 
| = sah = 1 i ee al a 
rr? ‘ > i ko oe = | 
| t e & ——————r—— 
1 © r] <a 
40 20 30 40 5060 80 100 200 = 300 400 600 800 1000 2000 , - 
Minutes Discharged sd ] " 
a s 
Upper Panel - Size FP & Z celle = Open Circuit Voltage vs. Age of Cell. Fi 3 § .1 + — 
Lower Fanel - Discharge Curves 1s ° 2 | } | 
Curve A = Size F cell @ischarged continuously on 4 Ohms when fresh = — a beni 
B Size FP cell pischarged continuously on 4 Ohms when 6 aonths old. 0 20 40 60 80 100 120 140 160 180 200 220 240 260 
c Size F cell*diseharged 5 winutes per day on 4 Ohms when fresh Z Nes 
D- Sise 2 cell discharged continuously on 4 Ohms when fresh ° Current Drain - Mile 
5 Size 4 cell discharged continuously on 4 Ohms when 6 months old, Fi 5 
“ize “ cell discharged 5 ainutes per day on 4 Vhms when fresh , 
rye G@ ~ Size 4 cell diacharged 5 minutes per day on 4 Ohms when 6 months old. Fie 6 
Discharged 4 to 24 hours per Discharged Continuously Y 
day to 1.13 volts per sell to 0.9 volt per cell 7 T T 7 lz cel T 
cei. 
| | | 
| t a ———— 
6 M Ee EEE EEE 
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Cathode-ray Oscillograph Auxiliaries 


serially in Instruments. This series began in the Ju 


By RALPH R. BATCHER 


Radio engineer; cathode-ray and electronic application specialist, Hollis, L. I., N. Y. 


TRANSLATING INSTRUMENTS AND 
DEFLECTION ACCESSORIES. 


Concluded ) 


PIEZOELECTRIC UNITS 

When a plate, with its faces plane and parallel, is cut 
from one of certain crystals (such as quartz, Rochelle 
salts, etc.) so that the plane of the plate is perpendicular 
to an electric axis of the crystal, it possesses the prop 
erty of liberating electricity at these faces when sub- 
jected to a strain. The charge between the faces is 
exactly proportional to the force applied, from extremely 
feeble pressures up to strains approaching the overload 
point of the crystal. This effect, discovered by Curie half 
1 century ago, was mostly a tool of pure science until the 


cathode ray oscillograph permitted its wide employment 











TO CHAMBER 


n various industries. Several forms of devices are com 

reially available, for picking up feeble sound vibra 
tions, for measuring explosion pressures in guns, and for 
ill intermediate pressure and vibration applications. 
Technical literature abounds with references to numer 
us special forms of piezoelectric units. The popularity 
of these units is chiefly due to the remarkable constancy 
of calibration which crystals possess. It may be asserted 
that when a crystal is maintained at constant tempera 
ture its pressure-emf. characteristic does not vary more 
than one part in ten million. (‘The temperature coefficient, 
by the way, is simply the effect of dimensional change. ) 

Some types of piezoelectric units will generate high 
potentials when warped (several hundred volts) and can 
be used without amplification if the deflection plate cir- 
cuit impedance is high enough. The crystal gives the 
greatest output when working into an open circuit. The 
deflection plate load, especially with gas-focused tubes, 
and tubes where the plates are shunted with a leak re- 


; 


sistor, will reduce this potential appreciably so that for 
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best results a high-impedance high-mu electr 
should be used to couple the crystal to the d 
plates. 

Fig. 5 represents a pressure translation dey \ 
signed by Watanabe~* for studies of combustion engin 
cylinder pressures, using the piezoelectric prin 
When connected to a cylinder the gas pressure is applied 
to the diaphragm so that a force is applied to a pair of 
quartz crystals which are under a certain initial pres 
sure due to the adjusting screw. A connection is made to 


a metal foil between the crystals, which are so cut and 
oriented that the potentials generated in each do not 
oppose each other. Details of the design, calibration and 
sample oscillograms are given in the original account 


(which is in English). See also references 24, 25 and 26 

Obata has designed a similar unit®’ in which, however, 
the piezoelectric element is replaced by a smali yn 
denser. ‘The capacity of the plates is altered as one is 
moved by the pressure being studied. The same invest 
gator has used such a device in an unusual application 
checking the quality and strength of brick by analvyzir 


the sounds given out when thev are struck. 


V/ISCOLOID 





CRYSTAL 


Fig. 6 Fig. 


FREE CORNER 


A recent commercial application of the piezoe tr 
principle (RCA Mfg. Co.) is shown in Fig. 6. Th 
is especially adapted for the study of vibration w 


cathode-ray oscillograph. As described by the manu 
facturer, “the back of this unit is threaded for the inser 


tion of a prodding rod or it may be clamped dire« 


any mechanism. It is not responsive to sound vibrations 


transmitted through the medium of the air but must be 
mechanically connected in order to operate. If the grid 


circuit of a linear amplifier tube is connected across t! 
electrodes fastened to the two faces of the crystal, t! 
plate current of this tube will vary in accordance wit! 
the charge. Thus the output of this tube is an am) 


electrical representation of the mechanical vibrat 
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ystal. In order that severe vibration will not break 
rystal the unit is so constructed as to be inertia 

ed (Fig. 7): the square crystal is mounted to th 

from three corners, the fourth corner being free to 

\ ite. When the entire case is moved this corner of the 
tal, due to its inertia, attempts to remain stationary, 
ind the erystal is thus bent. With this type of operation 
sensitivity of the crystal increases approximately as a 
square law with an increase of frequency of vibration, 
p to the natural frequency of the crystal which is about 
2.950 cycles per second. This is a benefit as high fre 
uency vibrations are usually much less in amplitude 


q 
than low frequency vibrations. At any one frequency the 
output is directly proportional to the amplitude of vibra 
tion up to the overload point of the crystal.” 

The square-law relation between frequency and output 
is shown graphically in Fig. 8. This curve gives the out 
put potential at various frequencies for a 0.001” dis 
placement. The reference level (0 db.) is 0.164 millivolts. 
For many tests pickup units of a similar type can_ be 
adapted from a crystal type radio head set unit. In one 
series of tests one of the latter units was found sensitive 
to the vibrations of a small motor (to which it was 
clamped) after being conditioned by carefully cutting a 
small hole in the center of the receiver cap and cement 
ing a bearing ball (about 3/16” diameter) to the center 
of the cone. Such units must be experimentally calibrated 
as to frequency. 


PHOTOGRAPHIC RECORDING 
OF OSCILLOGRAMS' * 


While for many tests a visual inspection of an oscillo 
gram is satisfactory, it frequently becomes necessary to 
make permanent records of certain types for additional 
analysis. The easiest method, insofar as additional equip- 
ment is concerned, is a pencilled tracing, as outlined in 


the December 1935 article. In the case of intricate pat 


terns which vary rapidly or are produced by transients, 
photographic recording is essential. Methods used for 
this are (in the order of complexity): 

1, Making a contact print by pressing a film or piece 
sensitive paper against the end of the tube. In some 
bes, equipped with fluorescent screens that are unusu 
ily actinic, blueprint paper can be used when the dia 
gram is steady over periods of a minute or more. 
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2. Taking a photograph of the oscillogram with a 
camera. 

3. Obtaining photographs with a moving film camera, 

k. Inserting sensitive paper or film within the cathode 
ray tube, in a position where th photosensitive surface 
intercepts the electron stream In this case a special 
tube must be used which can be opened up for the inser 
tion of new films. Vacuum pumping apparatus must be 
permane ntly connected to permit re-¢ xhaustion after each 
film replacement. A well known ex unple of a cathod 
ray tube built on this principle is that of Tinsley & Co., 
London, built after designs by Wood (Fig. 1 
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CONTACT PRINTS 
The sharpness of a contact print depends upon the 
+} 


hie end of 


the tube. It should be held firmly in place in a manner 


careful application of the film or paper to 
that will minimize the “ruffles” that appear at the edges. 

To reduce the errors due to “ruffling” an improvement 
has been made in the Western Electric 224C tube, by 
providing a sereen with a contour that is a section of a 
evlinder instead of a section of a splhie re. Such a shape 
withstands the atmospheric pressure, due to the arch 
effect, and a flat film can be held firmly and closely 
against the glass without wrinkles. 

Contact prints are usually more blurred than thoss 
obtained with a well focused camera, due to the cagdition 
that the sensitive emulsion cannot be placed in direct 
contact with the source of light, but is alwavs at a dis 
tance away equal to the thickness of the glass. In some 


large tubes this thickness may be greater than a sixteenth 
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RECORDING WITH A CAMERA 


Due to the aforementioned dispersion of light a 
sequent lack of clarity with contact prints, a lens 
is the commonest device for recording. With 
cameras, however, the diagram is usually much 
than the diagram on the sereen and therefore coy 
i small portion of the film. 

In using this method it is necessary that th 
illumination be subdued and that reflections of ar 
ficial lights or windows from the screen are not pr 
toward the lens, to appear as highlights. 

If the curve under consideration is recurrent. 
the spot continually retraces the same path, th 
nique of recording is less critical. A camera is 


with the axis of the lens system coaxial with that 





tube. One such arrangement. used in Germany, is m 
in Fig. 2. Here a “Contax” camera (a represent 
Fig. 2 type of “candid” camera) is mounted on an adj 


bracket in front of the screen LS. While the negat 


8 P I. cnre;s ; 
fan inch, which allows each point of light to spread tained is reduced (about quarter-size), the nature 


. - : ores “— s its ° > 1: . “é 
it and expose a spot on the film much greater than it reproduction is such that distinct and “‘contrasty 


own diameter ductions are obtained. ‘The camera shown has a 
The film selected should be sensitive to the color of F 2.8 Tessar lens.” 

the screen fluorescence. For such selection, use the data Since the screen-to-lens distance is short, the lens 

given in the Dee. 1935 article, particularly Table I and be carefully focused. It usually is necessary to prefo 

the curves of Fig. 1. Bromide paper is more sensitive on a ground glass screen in the focal plane of th 

than the usual printing paper. An ordinary roll film camera can be used if prelin 


Under average work conditions, the author has found focusing tests are made, and the exact operating pos 
that the best all-around paper to use is the ordinary carefully noted. A portrait attachment will help. Can 
photost it pape a It Is commercially available in nails equipped ™ ith focal plane shutters ae: not desirab ’ 

: this work. 


from which it must be cut up by hand. If an ordinary To Be Conti 
umera is used it is possible to redesign an old plate ' ' ; - 
: : > Scheminzky. Drie *~hotograph ils Ifsmittel der Physi 
holder to hold pieces of this paper in the focal plane. raphie und Forschung, Vol. 1, Tune 35, pages 12-2 
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Adjustments of 
Electrical 
Instruments 


nstalment of ‘Electrical Measurements and Control.” This series began in the 
34 issue. See announcement on editorial page of November 1933 issue. All rights 
y the authors 


By PERRY A. BORDEN and M. F. BEHAR 


Member A.I.E.E Editor, Instruments 


vious articles have contained thorough discussions of the sources from 

| errors in electrical instruments or in their use might be expected to de 
and there have been suggested precautions for minimizing these errors, 
ularly such as may arise from sources external to the instruments used. In 
rticle particular reference will be made to those errors classed as “inherent 
rs’ and means will be described whereby they may be eliminated, or mini 
|, or canceled by opposing effects purposely introduced into the measuring 
1. It is not the intention to convey the idea that these adjustments can be 
criminately performed in the field, but it is felt that a knowledge of the 
dients by which various adjustments are effected will help the user to ap 
iate the fact that the accuracy of measuring instruments is based on sound 
ntific principles, and that satisfactory operation is obtained only by the ad- 


istments being carried out according to definite rules. 


The principal adjustments required of every indicating and recording instru 
nt are the following: 

(1) Scale length 

(2) Scale proportionality. 

(3) Zero 

Notes. (1) Fig. 47-1 has been prepared as a general reference in connection with the 


1 Th | 
s three sections. (II) These statements do not apply to 1! 


is crossed-coil movements, etc. See Section 5 of March 1934 article 


struments o ne rati 


1. Scale Length 
[he position of the pointer in an indicating instrument is determined by tht 
nted out in an earlier article of this series*, these forces in electrical instru 
nts are generally derived from quite separate elements of the mechanism, the 


r originating in forces developed by the electrical magnitude under meas 


ft two opposing forces, the measuring torque and the control torque. As 


nents, March 1934, pages 45 particularly Sectior 


yr @ 





“ig. 47-1. Controlling Factors in the Calibration of a Direct-deflecting Instrument. 

1) Scale-length is corrected by altering the point within a limited angle 2 at which 
spring is anchored to its abutment A. 

>) Proportionality is varied by changing the angle b between the pointer and the 


‘ecting part of the movement. 


‘) The position of the scale zero is varied by altering the angle c, representing the 
ular position of the abutment in relation to the stationary parts of the instrument. 
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urement, and the latter from a spring, weight, or other means arra 
oppose the measuring torque and increase its value as the pointer, | 
departs from its zero position. Upon the development of torque in the 
ing elements of the instrument, the moving part is deflected, causing the 
to traverse the scale, and at the same time the spring or weight to cd 
counter-torque. Mechanical arrangements are such that the counter-tor, 
increase with the deflection. If this were not so the pointer, once it ha 
to deflect, would immediately swing to the end of the scale. The defk 
the movement continues until there is attained a balance between the di 
torque and the counter-torque, at which time the position of the indica 
resents the value of the electrical magnitude under measurement. In pr: 
all portable instruments, and in most switchboard instruments, the 
torque is derived from a spring; and the characteristics of this spring di 
the extent to which the movement will deflect before a balance is o 
Reference has already been made to the refinements which have taken ; 
the making of instrument springs, and the spring of any modern electr 
strument represents the manufacturer's opinion of the material, size, sha 
heat-treatment best suited to the work in hand. It seldom is advisable to 
adjustment of an instrument by changing any property of the spring. T 
permissible alteration (and one which does not alter the spring itself) is t 
justment of the spring’s effective length. As a long spring develops less t 
for the same deflection than a short spring, it follows that lengthen 
spring will have the effect of lessening the counter-torque, and thus in 
the travel of the pointer for the same amount of deflecting force. Brief 
may be stated: “Lengthening the spring expands the scale, and shorteni 
spring contracts it.” Some instruments are provided with a definite adjust: 
whereby the spring may be gripped at various points on its length, a 
scale length thus correspondingly varied. In making such adjustment 
must be exercised not to kink the material or to leave convolutions in 
and experience has shown than when the point at which a spring is cl 
is changed, the metal should be allowed some minutes to adjust itself t 
altered local stresses before close readings are attempted. A spring ret 
precise measuring device through a relatively limited range of stress, 
accurate results cannot be expected from an instrument in which it ha 
found necessary to make the spring abnormally short. 

In gravity-controlled instruments, such as some types of recorders, the 
ter-torque is derived from a weight, so disposed that as the movement 
flected under influence of the measuring torque the effect of the wei 
producing a counter-torque is increased. This may be accomplished 
weight changing its angular position with deflection, as in some direct 


¢ 


recorders with horizontal spindles, or, as in some relay types of recorders, | 


the weight being mechanically shifted along a horizontal lever arm as 


of a carriage. Adjustment of scale length in the former type may be accon 


plished by varying the distance of the weight from its center of rotat 


rey 


the relay type, if the weight is wholly borne by the carriage, adjustment n 


require taking away or adding material to the weight. In gravity-contr 


relay-type recorders, such as the Westinghouse “Type G’* or the Bal 


totalizerf, the calibrating weight is carried on a link supported at one « 
the carriage and at the other by a part of the power-moved mechanism, a1 
desired adjustment may be effected by changing the position of this wei 
the link. 

In voltmeters, wattmeters, shunted ammeters, or other instruments 
resistors in series with the actuating windings, adjustment of scale lengt 
many cases effected by varying the resistance of the circuit. This gene: 
quires the use of soldering equipment, but it is a positive way of accom] 
the adjustment, and is capable of precise results when expertly done. Si 
temperature characteristics of such instruments are generally governed | 
relative value of the resistances of the copper and other -parts of the 
care must be exercised that temperature compensations are not thus dis‘ 
when making adjustments by this method. One maker states that the ! 
grade ammeters will always have temperature compensation changed ar 
sibly ruined by altering series resistor constants. 

In instruments of the permanent-magnet moving-coil (d’Arsonva!) 
the actuating force, and hence the scale length, may be changed by \ 
the strength of the permanent magnet. This provides a quick and et 
factory adjustment; and some manufacturers make it a standard pract 
assemble such instruments and make preliminary adjustments wit! 
strength magnets, which are later demagnetized under controlled con 


*Instruments, January 1935, page 
tinstruments, February 1936, page 4¢ 
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instrument is brought to the proper calibration. It is seldom that 
d can be used without the manufacturer’s special facilities; and it 
ily be looked upon as a field adjustment for any type of instrument 


makes and types of permanent-magnet instruments, however, there 


d an adjustable soft-iron shunt by which a few percent of the total 
be diverted from the main air gap and a certain control thus effected 
le length. 


f the adjustments of scale length should be attempted by any method 
the manufacturer intended should be employed. 


2. Scale Proportionality 

juently is observed that an instrument which had satisfactorily passed 
is inspection is found to be reading high at one point of the scale and 
nother. The causes of this faulty condition are somewhat diverse, and 
to correct it, one must usually find the original cause and rectify it 
1in causes are: 

(a) Bending or shifting of the pointer; 

(b) Distortion of the mechanism; 

(c) Unbalance; 

(d) Strains set up in the spring as a result of mishandling or overheating 


In most indicating instruments the pointer must bear a definite relation to 
the actuating part, whether the latter be a coil or an iron vane. If th 
nter should become bent or should slip around on the shaft, a simple cor 
rection of the zero will not bring the indications into even approximate agree 
ment with the scale markings. The only satisfactory way to rectify the error 
lies in correcting the mechanical displacement which may have taken place, or, 
failing this, in marking a new scale. A similar effect will be produced by dis 
placement or distortion of some parts of the measuring element. Any cause 
which will change the conformation of the magnetic field or of the moving 
part, or the relative position of the two, is almost sure to introduce propor 
tionality errors in deflecting instruments; and, as above, the correction lies in 
either rectifying the mechanical fault or providing a new scale 
In the construction of high-grade spring-controlled instruments, an effort is 
usually made to have the moving part in a state of balance as regards gravita 
tional effect; but as this may necessitate tedious adjustments, the condition is 
seldom exactly obtained. As a consequence, errors (generally small) are likely 
to make their appearance when the instrument is tilted into another position 
than that in which it was originally calibrated. In switchboard instruments, 
which are usually calibrated in the same position in which they are finally in 
stalled, little trouble may be expected from gravitational effects; but with port 
ible instruments it is well to exercise care that they are kept reasonably level 
when in use. An instrument intended for use with its shaft in a vertical posi- 
tion should not be used with the shaft horizontal (and vice versa) until the 
user has assured himself that the errors so introduced will be negligible. Modern 
high-grade instruments, particularly in small sizes, arranged for use on sloping 
panels, are usually balanced by the manufacturer in such manner that for any 
position in which they are likely to be used the gravitational error will not be 
sufhcient to interfere with the intended results. A check of the balance condi 
tion may easily be made by placing the instrument in a number of extreme 
positions and observing the zero variations. In using instruments having 
partial or complete gravity control it is imperative that the instrument always 
be leveled with care and maintained in the one position 
Because of relatively great errors in scale proportionality introduced by small 
res in the physical relation of parts, a large percentage of the better-grade 
iting instruments on the market, particularly of those having inherently 
non-uniform scales, are fitted with individually-calibrated hand-drawn scales 
Uhus, the scales of instruments of the one type and rating are likely to differ 
tly in individual instruments, and will not be interchangeable. For the same 
n, if repairs or alterations necessitating structural changes in an instru 
have been made, it will frequently be found that the new calibration can 
expediently be brought into agreement with the original, usually necessita 
he marking of an entirely new scale. 


3. Zero 
uccurate results or duplications of the original performance are desired 
i Measuring instrument, it is obvious that the zero point of the scale must 
uintained. This precaution is frequently overlooked, with consequent 
results in reading. The zero furnishes a datum upon which all other meas 


nts are based: and if it is in error or subject to variation it is evident that 
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4 fiven or j ] ten +} 1 
t Y gis ‘ ¢ nN yy + hu 

lity 1 is ng ir rumer cont 

tir é a) it ntrol 
nd the tl ed witt 
hermometers ! ndustrial ippli 
tions. The Bristol C Waterburv. Conn 

D163 Speetrographic Outfits, 60-pare 
book describes new range f models 
f I H ‘ Q tz Spectrographs 
rt small d nd la nod 
ha ll b redesigned and k } 
Hilger Ac sor Ba for t} t 
1lignment f cess es rt larg n 
strument v } ¢ llv 
iutoma I 1 said t he f great ad- 
vantage in the industrial ntrol of 
metals and llovs. A new sp rograph 
has been r duced itermediat in 
size between the small and medium 
An exceptionall mplet rang of 
ecessories is desé t 1 for both juall 
tative and quantitative analysis, fr 
cluding outfits for the Stepped Sector 


and the Lundegardt Flame Methods 
Ltd., 98 Kings Rd., Lon 

don, N. W. 1, England 
D164 Modernization the Trend in In- 
dustry. 3-color folder es the 


describ 
Brown Potentiometer Py 


rometers. A 





list of the mpanies using a large 
number of these instruments Is £1 
Brown Instr ent Co 4482 W 
Avé Philadelnt Pa 

D165 Free-Vane Controllers. Bulletir 
Ni 440 covers new series of Ampliset 


Free-Vane controllers for time-temper 

ature, flow, liquid level, pressure, time 

nrees e and hun j The Brist Cc 

Waterbury, Conn 

D166 Automatic Heating and Air Con- 
hook] 


ditioning. {&-pagwe ‘ et entitled 
“This Thine Called Automatic Heating 
and Air Conditionine” gives a compre 
hensive consumer's story of the title 
subjects. Minneapolis-Honeywell Regu 
lator Co., 4482 Wayne Ave., Philadel 


phia, Pa 
D167 Mieromax Electric Control. & 
Say +; 


page eatals eascribes 1 omple 
new control system for regulating in 
put in pr nt Jer nd. Rased on 
notent y ha r ia ntrol 
> 
nsists of pa a: M x n- 
tr stru nt le ind 
valve me . ( f feat s of this 
nt 3 i g f 
Jasicr vide nee 
+ 7 a 1} rest ne x 
q 1 7 ite ear j nda ¢ 
. ia & Nort! y 495K 
Stant , Ave } ] i¢ pt ’ } 
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1 Index to Bristol Catalogues. 8 
page Bulletin 43 is a pictorial index 
bulletins and catalogues published 
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Volume Control. 1-page leaflet little reliance can be placed on indications at other points on the s¢ 
rates and briefly describes the 
653 volume controls. General causes of zero displacement, as pointed out in a previous instalment, are 
; 30 State St.. Cambridge A 1 1 - : 
mechanical, though sometimes stray fields or, in shunted instruments, 
eS ae electric effects, may produce a zero shift. In general it may be said that 
leafle yriefly describes 1¢ ) \ 
new photoelectric reflection ever the moving part of an instrument has sustained damage of any 
f particular interest to the | ae | ; Lec ae vs 
iadustey. Pielta & Maver. inc sure to be reflected in an abnormal shift of the zero. Though modern 1 
re State Bldg., New York, N. ¥ spring materials has done much to | 


» In yring about the “perfect” spring, \ 
) Controlled Rectifiers. 1-page bul- , 


B809 deacribes controlied recti the highest grades of spring-controlled instruments should have tl 
ovidinge d.« ower from an ax . iad ‘ : . A a scene ae nica mies 
ae tc ae ie nae indications carefully watched, and where necessary, corrected. It i 
telephone systems. Ward Leon 

o 38 South St Mount 1 : ; 

yn, New York corrected by moving the spring abutment but by straightening the 


remembered, however, that a zero error due to a bent pointer should 
etric C 
Johansson Gage Blocks and Ra ioe a 
Accessories. Two folders: Form 7393-1 (See prior chapters.) 
lescribes Set No. 1 which consists of Int 
8 blocks and will make over 120,000 ° . Sige 
different size gages in steps of 0.0001 rik d on the end of an arm adjustable about the center of rotation of th 
hig Fagg he ie ao Ble Pg le ment; and this adjustment, by varying the position of the stationary end 
nd 4 accessories. This set will make spring, is capable of moving the pointer through a small angle in either 
80.000 different size gages in steps of : 1 1 : oe 
6001” from 0.300” to >8”. A table of tion, so that it may be brought to the correct zero position before observatio 
eas of squares and circles is also in- are made. In practically all high-grade indicating instruments there is p: 
Ford Motor Co., Johansson Di 
Dearborn, Mich in the outside 
Cubicles. §6-page bulletin GEA 1 
a subicies with FH oll- any time without otherwise disturbing the instrument. Direct-acting ré 
¥ - 090 — sl are usually provided with either a micrometer adjustment on the zero, or 
mrorusely UBLTATECT 


1 River Rd a refinement in the form of an extended lever working over a graduated 
D175 Spectrographic Analysis In- Where gravity is the controlling force, zero adjustment is generally 


struments. 32-page Catalog D-20 is a plished by shifting a weight normally fixed to the moving element, so that 
t tise on spectrography It also gives . 5 


ssified bibliography of 68 refer part will take up a new position of equilibrium when load is remov 
on this subject. Bausch & Lomb 


Me. 65. at aut Mt. tnkeetes travity control in American practice is now almost entirely confined t 


he ordinary deflecting instrument the spiral control spring is usu 


of the case an adjusting screw, so that zero may be corre 


zontal-shaft recorders, and as these are likely to be of more or less s 
Cenco News Chats. May 193¢ : : ; 
of this house organ describes a design, details as to zero and other adjustments can generally be best obtain 
rze number of interesting new de ‘. : : iin” 19/0 
painmiants: Mivdesshit Galance th from the manufacturers’ instruction books . 
Universal high capacity temperature As a matter of policy it is advisable to check, and correct if necessat 


ol unit a1 synchronous timer, a - 
) of an instrument after it has been subjected to any unusual conditi 


ss electrode pH meter, a high 
"76 ain Tee sieaee” soar” thaecmnane to any of its other possible adjustments. If the zero error in any type 
ral Catalog and briefly describes strument is found to be beyond the range of adjustment provided, or if 
new buildings. Central Scien , 1 . | 
1700 Irvine Park Bivd.. Chi den change of considerable magnitude is observed, one may be assure 
it has been repaired. (However, before assuming that anything is wrong ins 


first breathe on the glass to dissipate possible electrostatic charges.) 


Cl 


Tl 
7 Electric Precision Timers. 12 
bulletin No. 89 illustrates and 
es specifications for a large number 
lifferent model timers. Standard 
tric Time Co., Springfield, Mass 
178 Electric Vacuum Gage. 4-pag: 
etin describes a Pirani type elec b ] 
vacuum gare It covers applica ADVERTISERS INDEX 
principle of operation, construc 
‘libration, ete Winslow Engi 
nz Co 188 Sussex Ave., Newark 
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D179 Petentiometer Controllers for . 

Industria! Temperatures. 20-page bul American Meter Company f Kurman Electric Company 
describes the Foxboro poten “ . . —— . F ‘ j ‘ii 
eontrollers ¢ ( the ac } > = 7 , T ’ 
number of pened th — we Ames Company, B. C. Leeds & Northrup Company 
1 Foxboro Co f Neponss . . itz . 3} 

“eet etal . ttn a penne Askania Regulator Company Leitz, Inc., E. 
: ee Pyrometer. 4-page bul Bailey Meter Company Littelfuse Laboratories 
describes a new precision optical ; 4 5 
‘“ i - ‘Pit t Tien "Pa - _ Bakelite Corporation Al Mason-Neilan Regulator Co. 
Difvere . 12-pag ‘ : . . » ‘ r > > . 
Yere Perr puget — Baldwin-Southwark Corp. A6 Pfaltz & Bauer Co., Inc. 
ential Relav for hiz} : : . Pioneer Instrument Company 
a “es tra ne » nro Bristol Company Outside back cover — t Company 


: thine ae Powers Regulator Co......_Inside back « 
Central Scientific Company 168 eee ey See mules 





; ‘ = Pyrometer Instrument Company 
Chace Company, W. M. All a j a 
: : : Rawson Electrical Instrument Co. 
INSTRUMENTS Cochrane Corporation 159 A fe Mies 
1117 Wolfendale St.. Pittsburgh. Pa A! nies Review of Scientific Instruments 
i kasha Continental Electric Company 159 . : d 
Have me supplied with a copy of each Riehle Div., Am. Mach. & Metals 
: a . Eppley Laboratory, Inc. 168 
are of Manufacturers’ Literature listed Ppic} . ; 7 Mfg. Corp. 
icin Federal Products C A 
edera roducts Corp. All — a 
E Roller-Smith Company 
Foxboro Company Inside front cover . 
Rubicon Company 
Friez & Sons, Julie n P, Al4 Shallcross Mfg. Company 
Gaertner Scientific Corporation Taylor Instrument Company 
General Plate Company Testing Machines, Inc. 
Name . ' : P 7 Z 
General Radio Company Triplett Electrical Instrument Co. 
Position 


G-M Laboratories, Inc. Ward Leonard Electric Company 


Gordon Co., Claud S. f Westinghouse Elec. & Mfg. Co. 


Illinois Testing Labs., Inc. 
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Weston Electrical Instrument Corp 
Johnson Service Company / Winslow Engineering Company 
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